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(54) METHOD AND DEVICE FOR MANAGING FLASH ROM AND COMPUTER CONTROL 
EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease dispersion in the 
number of times of erasure for every erasure unit 
concerning a managing system with which a flash ROM can 
be made adaptive to a filing system. 
SOLUTION: Plural sectors composed of data areas and 
managing areas corresponding to these data areas are 
formed in the flash ROM and state information (such as a 
sector number 154, occupied flag 155 and used flag 156) 
showing the storage states of respective sectors is stored 
in the managing areas so that the memory management of 
the flash ROM can be performed. When the instruction to 
start garbage collection processing is given for putting 
invalid data inside the flash ROM in order, while referring to 
an erasure time counter 1 52, the erase block of an erasure 
object is decided. When erasing processing is executed to 
the decided erase block of the erasure object, the erasure 
time counter 1 52 of the erase block is incremented by one. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A flash ROM controlling device comprising: 

A management tool which forms in a flash ROM two or more storage blocks which comprise a data 
area and a management domain corresponding to a data area, stores in a management domain state 
information which shows a memory state of a data area in each storage block, and manages access 
of a flash ROM based on this state information. 

An erasing means which extracts a storage block to which valid data exists in a data area about 
erase blocks in said flash ROM based on said state information, moves the contents, and eliminates 
the erase blocks concerned. 

A counting means which counts for every erase blocks by making into a number of erase times the 
number of times to which elimination by said erasing means was performed, and memorizes this 
number of erase times to a storage area of erase blocks. 

A determination means to determine erase blocks which serve as an erasing object in said erasing 
means based on said number of erase times. 

[Claim 2]The flash ROM controlling device according to claim 1, wherein said determination means 
determines erase blocks with few said numbers of erase times as an erasing object among erase 
blocks containing invalid data. 

[Claim 3]A flash ROM controlling method comprising: 

A managing process which forms in a flash ROM two or more storage blocks which comprise a data 
area and a management domain corresponding to a data area, stores in a management domain state 
information which shows a memory state of a data area in each storage block, and manages access 
of a flash ROM based on this state information. 

An erasing process which extracts a storage block to which valid data exists in a data area about 
erase blocks in said flash ROM based on said state information, moves the contents, and eliminates 
the erase blocks concerned. 

A count process of counting for every erase blocks by making into a number of erase times the 
number of times to which elimination by said erasing process was performed, and memorizing this 
number of erase times to a storage area of erase blocks. 

A decision process which determines erase blocks which serve as an erasing object in said erasing 
process based on said number of erase times. 

[Claim 4]The flash ROM controlling method according to claim 3, wherein said decision process 
determines erase blocks with few said numbers of erase times as an erasing object among erase 
blocks containing invalid data. 

[Claim 5]Are a computer control system which reads a predetermined program from a memory 
medium and controls a computer, and said memory medium, Two or more storage blocks which 
comprise a data area and a management domain corresponding to a data area are formed in a flash 
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ROM, A procedure code of a managing process which stores in a management domain state 
information which shows a memory state of a data area in each storage block, and manages access 
of a flash ROM based on this state information, A procedure code of an erasing process which 
extracts a storage block to which valid data exists in a data area about erase blocks in said flash 
ROM based on said state information, moves the contents, and eliminates the erase blocks 
concerned, A procedure code of a count process of counting for every erase blocks by making into 
a number of erase times the number of times to which elimination by said erasing process was 
performed, and memorizing this number of erase times to a storage area of erase blocks, A 
computer control system provided with a procedure code of a decision process which determines 
erase blocks which serve as an erasing object in said erasing process based on said number of 
erase times. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the controlling method, device, and computer control 

system of a flash ROM in a computer etc. 

[0002] 

[Description of the Prior Art]Although a flash ROM has a thing various type now, there are some 
which were developed for BIOS of the type and personal computer which roughly divided and were 
developed for flash plate DISK. 

[0003]An elimination unit is general 512 bytes in a hard disk, and compatibility of the former with a 
file system is dramatically good. An elimination unit cannot perform the latter flash ROM only by the 
big block unit of 64K etc. There is what has the voltage of 12V grade required as write voltage like 
PROM. Although the latter flash ROM could obtain cheaply, since compatibility with a file system 
was bad, it was not able to use especially as an archive medium of small capacity. 
[0004] 

[Problem(s) to be Solved by the Invention]As mentioned above, although the elimination unit is large 
and compatibility with a file system is bad, the flash ROM designed for BIOS is cheap, and easy to 
come to hand. Therefore, if such a flash ROM is applicable to a file system, the archive medium of 
cheap small capacity can be provided. 

[0005]This invention provides the flash ROM controlling method and device which make it possible 
to fit the large flash ROM of an elimination unit with a file system. 

[0006]It is possible to overwrite new data to the data area concerned, or to cancel the data of the 
data area concerned, and to write data in other data areas with a file system, when updating the 
data memorized by the flash ROM. In a flash ROM, since overwrite of data cannot be performed, 
data write to other data areas is performed. As a result, invalid data is accumulated and the 
utilization efficiency of a flash ROM falls. Therefore, when managing access of a file system and the 
flash ROM which suited, it is indispensable to eliminate the invalid data on a flash ROM. 
[0007]As mentioned above, when managing that the large flash ROM of an elimination unit should be 
applied to a file system, execution of the erasing operation in this elimination unit becomes 
indispensable. However, a bias produces selection of the elimination unit which is the target of such 
erasing operation, for example in the elimination unit with much invalid data in an elimination unit to 
which erasing operation will be carried out if it carries out by being based only on it being few. This 
bias makes the time life of each elimination unit vary. 
[0008]In light of the above-mentioned problems, this invention is a thing. 

In the managing system which can adapt the purpose to a file system, it is providing the flash ROM 
controlling method which can decrease dispersion in the number of erase times for every elimination 
unit, a device, and a computer control system. 
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[0009] 

[Means for Solving the Problem]A flash ROM controlling device of this invention for attaining the 
above-mentioned purpose is provided with the following composition. Namely, two or more storage 
blocks which comprise a data area and a management domain corresponding to a data area are 
formed in a flash ROM, A management tool which stores in a management domain state information 
which shows a memory state of a data area in each storage block, and manages access of a flash 
ROM based on this state information, An erasing means which extracts a storage block to which 
valid data exists in a data area about erase blocks in said flash ROM based on said state 
information, moves the contents, and eliminates the erase blocks concerned, It counts for every 
erase blocks by making into a number of erase times the number of times to which elimination by 
said erasing means was performed, and has a counting means which memorizes this number of erase 
times to a storage area of erase blocks, and a determination means to determine erase blocks which 
serve as an erasing object in said erasing means based on said number of erase times. 
[0010]Said determination means determines erase blocks with few said numbers of erase times as 
an erasing object preferably among erase blocks containing invalid data. It is because 
decentralization of a number of erase times between erase blocks can be attained and it can act as 
Mr. [ of the rewriting durability / **** ] by giving priority to and eliminating erase blocks with few 
numbers of erase times including invalid data. 
[0011] 

[Embodiment of the Invention]With reference to attached Drawings, an embodiment of the invention 
is described below. 
[0012][Embodiment 1] 

<Composition of camera system> drawing 1 is a block diagram showing the composition of the 
camera system in Embodiment 1 . This camera system comprises an electronic camera and the 
personal computer 22 connected with the electronic camera at this via the removable external 
storage 17, the PC communication interface 19, and the PC communication interface 19 so that 
communication was possible. 

[001 3] 1 is a lens and 2 is a CCD unit which outputs the light which passed along the lens 1 as an 
electrical signal. 3 is an A/D converter and changes the analog signal from CCD unit 2 into a digital 
signal. 4 is a speed signal generator unit and supplies a synchronized signal to CCD unit 2 and A/D 
converter 3. 5 is CPU and realizes various kinds of control in this camera system. 
[001 4]6 is a signal-processing accelerator and realizes signal processing at high speed. 7 is a cell 
and 8 is a DC to DC converter for supplying the electric power from the cell 7 to the whole 
electronic camera. 9 is a power supply controller unit and controls DC to DC converter 8. 1 0 is a 
microcomputer which controls panel operation, a display, and a power supply. 1 1 is a display which 
displays various kinds of information on a user, and a liquid crystal panel etc. are used. 12 is a 
control panel and contains the release switch in which a user does a direct control. 
[0015]13 is ROM and stores system programs, such as OS. 14 is DRAM and is the main memory of 
this electronic camera. 15 is a flash ROM and is used as a built-in storage. As for 16, external 
storage, such as an ATA hard disk, and 1 8 are extended bus interfaces the interface part of a 
PCMCIA card, and 17. 19 is a PC communication interface, connects a personal computer etc., and 
delivers and receives data. 20 is a DMA controller and 21 is a stroboscope. 22 is a personal 
computer and performs communication with an electronic camera via the PC communication 
interface 19. 

[0016]<Photographing operation> The operation at the time of photography of this electronic 
camera is explained briefly. If a user pushes the release switch of the control panel 12, CPU5 will 
detect that and it will start a photographing sequence. It is premised on all the following operations 
being performed by control by CPU5. 

[0017]Now, speed signal generator4 drives CCD2 by the depression of a release switch. The analog 
signal outputted from CCD2 is changed into a digital signal by A/D converter 3. The DMA transfer 
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of the output of A/D converter 3 is carried out by DMA controller 20 DRAM 14. When the DMA 
transfer for one frame is completed, CPU5 starts a signal-processing sequence. 
[0018]In a signal-processing sequence, a signal-processing program is read from the flash ROM 15 
on main memory (DRAM 14), the data on main memory is transmitted to the signal-processing 
accelerator 6, and signal processing is performed. However, the signal-processing accelerator 6 is 
an arithmetic circuit which helps the processing etc. of the processing which does not perform all of 
signal processing and is performed by CPU5 which especially time requires, cooperates with the 
processing software of CPUS and operates. It records as a graphics file that a part or all of signal 
processing is completed on the flash ROM 15. Compression will also be performed if the file format 
recorded at this time makes compression processing **. 

[001 9]A signal-processing program is one of the files which a file system manages in the flash ROM 
15. The program of the camera is dedicated to ROM13 together with OS or the file system. The 
program of a camera recognizes the file of a specific file name to be a program. 
[0020]Since the file is discontinuously arranged in the flash ROM 15 and also the file system of this 
embodiment rearranges frequently, CPU cannot carry out immediate execution of the 
**************** in the flash ROM 15. Therefore, it must read to main memory (DRAM14) and it 
must be performed. The main memory must not be the software supposing being stored in a specific 
address, in order that a memory manager may do the allocation of the memory location dynamically. 
Therefore, the file of the program which performs signal processing by this embodiment serves as 
form like drawing 41 . 

[0021] Drawing 41 is a figure explaining the stored condition of the control program to the flash ROM 
in this embodiment. In drawing 41 , an identification code is a code for checking that a file is a 
program. The file is expressed as a set of a variable-length record. There is ID which identifies the 
kind of information first stored in the record concerned in a record, and the value which shows the 
size of the record below is stored. 

[0022]And the record of a program and the record of relocation information are stored in the file. A 
program code is data like drawing 42 . Drawing 42 is a figure showing an example of the program code 
expressed with the relative address. In drawing 42 , although the 0050th street has jump instruction, 
CPU recognizes this command to be the jump instruction to an actual address. The operand of this 
command is expressed by the relative address. 

[0023]The data of the relocation information record of drawing 42 is dedicated in form like drawing 
43. That is, the address table showing the program address of the data (data which is relative 
address expression) which must be changed into an actual address in the program of drawing 42 is 
stored as relocation information. 

[0024]If the field for loading the file of drawing 41 t o main memory is secured, the memory manager 
of OS of ROM13 will determine an address. A memory manager's allocation is a function equivalent 
to an alloc function in the C language. When a memory manager assigns the 8710th street to a 
program, a program is loaded like drawing 44 . Drawing 44 is a figure showing the program code at the 
time of mapping the program of drawing 41 t o the 8710th street of main memory. The operand of 
jump instruction is transposed to the actual actual address. The program which does the work 
referred to as reading a program to main memory is stored in ROM13, carrying out conversion to 
this real address. 

[0025]By constituting as mentioned above, signal-processing software and compression software 
are storable in a storage by a file format. As a result, after a camera reaches final users' origin, the 
correspondence to various file formats, such as a new signal processing algorithm, BMP form of 
Windoiws (trademark), TIFF form or form of newly appearing in the future, is attained. 
[0026]As mentioned above, the electronic camera in this Embodiment 1 files a taken image in the 
flash ROM 15. 

[0027]<Device driver interface> drawing 2 is a figure showing the layered structure of the file 
system in the electronic camera of this embodiment. The top layer is the user application 101. The 
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user application 101 is software which runs by the inside of an electronic camera, and after they 
open and write a file by a file name, it is closed. [ reading and ] 

[0028]File system API layer 102 is directly called by a function call from the user application 101. 
This file system API layer 1 02 has associated and managed the drive name and the file system. 
Since it constitutes for the business which mounts a file system architecture layer for every drive, it 
is possible to make two or more file system architecture intermingled. 

[0029]It is a portion which performs file management with the actual file system architecture layer 
103. The iowest iayer is the biock device iayer 104. The file system architecture layer 103 has 
realized file input and output using the service which the block device layer 104 provides. In this 
block device layer 104, data is managed in the unit of a sector and one sector is 512 bytes. The 
difference in the input/output control for every device and the difference among parameters, such 
as a head and a cylinder, are absorbed in this block device layer 104. Since it constitutes in this 
way, the device of two or more kinds can be made intermingled simultaneously. 
[0030]Especially in the electronic camera of this embodiment, it has the feature in the Storage and 
File Management Sub-Division method of the flash ROM in the block device layer 104. 
[0031] Although some flash ROMs 1 1 shown by drawing 1 are type [ various ] now, there are a type 
which roughly divided and was developed for flash plate DISK, and a type developed for BIOS of a 
personal computer. An elimination unit is general 512 bytes in a hard disk, and compatibility of the 
former with a file system is dramatically good. An elimination unit cannot perform the latter flash 
ROM only by the big block unit 64k etc. There is what has the voltage of 12V grade required as 
write voltage like PROM. However, the flash ROM of the latter type is cheap and easy to receive. 
According to this embodiment, though it is a flash ROM with the feature like the latter, the same 
service as a hard disk is provided to a file system. 

[0032]<Flash ROM driver interface> The service which a block device generally provides to a file 
system is following two. That is, it is the writing from the sector specified by the read-out (2) logical 
sector number from the sector specified by (1) logical sector number. And if there is a function of 
the sector which was specified by (3) logical sector number in addition to this of opening, since the 
driver of a flash ROM becomes possible [ eliminating an unnecessary sector if needed ], it can 
eliminate a flash ROM efficiently. 

[0033]Since it can be positively deleted from a cache list if it is a system with cash, although the 
function mentioned to (3) is an unnecessary function in the usual DISK, it is effective in raising the 
hit ratio of cash as a result. A file system notifies the sector which became unnecessary to a device 
driver using the function of (3) by elimination of a file, etc. Although elimination of a flash ROM is 
the processing which requires time dramatically, in order to hardly consume CPU time, it is good to 
carry out by background processing. 

[0034]Although it explains also in the below-mentioned <FAT cash>, the cash of this embodiment 
discards the oldest data in a cache list, when accessing new data (data which is not on cash). A 
possibility that effective data will be discarded from cash by what an unnecessary sector is moved 
to the last of a cache list for (that is, the data accessed in ancient times moves behind cash) 
becomes low. A possibility that the intermediary file which should be eliminated remains in cash in 
the system which generates many especially intermediary files, such as a compiler, is high, and the 
above-mentioned cache management is dramatically effective in improvement in a hit ratio. 
[0035] Drawing 3 is a figure showing the declaration which described the management block of the 
device driver by the C language. Next of a structure is a ring pointer to the following device, and it is 
used in order to search the device in a memory. DevName is used as a name of a device. InitDev is 
a pointer to the initialization routine of a device. ShutDown is a pointer to the shutdown routine of a 
device. ReadSector is a pointer to the routine which specifies a logical sector and transmits the 
contents of the medium to a buffer. WriteSector is a pointer to the program (it writes in) which 
specifies a logical sector and transmits the contents of the buffer to a medium. ReleaseSector is a 
pointer to the routine which specifies a logical sector and releases a sector. 
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[0036]A file system will use a device driver mediating this structure. In the case of the fixed disk or 
the floppy disk, the pointer to the program which does not work at all is substituted for 
ReleaseSector. Or the pointer which deletes a specified sector from the cache list of a disk cache 
may be used. 

[0037]Data writing to a <flash ROM controlling method> flash ROM is performed in a sector unit 
from the file system of the upper layer. Drawing 4 is a figure showing the example of the sector 
structure on a flash ROM. In drawing 4 , 151 is an erasure block. This erasure block 151 is a unit of 
elimination, and it is caiied a sector in the technical term of a flash ROM. However, in order to 
distinguish from the "logical sector" which is a unit which a file system treats, it will be called an 
erasure block here. 

[0038]According to drawing 4 , two or more flash ROMs 1 5 are carried in the system, and each flash 
ROM 15 is constituted by two or more erasure blocks 151. Each erasure block 151 expresses signs 
that it is constituted by the number-of-erase-times counter 1 52 and two or more sectors 1 53. The 
number-of-erase-times counter 152 is a portion used in order to count the number of times which 
eliminated the erasure block 151. Each sector 153 has a management domain and a data area. A 
management domain comprises the flag 155 and the used flag 156 showing the use as a sector 
having been completed during the sector number 154 showing a logical sector number, and the use 
showing whether the sector is used effectively or not. The data area is constituted by 512 bytes of 
data division 1 57. 

[0039]There is no necessity of a data area and a management domain adjoining each other, and 
arranging, and collecting like drawing 5 and managing is also considered. Drawing 5 is a figure 
showing the composition which separates and stores the data for management domains, and a data 
area. Each sector number 1 54 of two or more sectors 1 53 is stored in a sector number table. The 
flag 1 55 and the used flag 1 56 are stored in a flag table during use. The contents of the data division 
157 are stored in a data table. As for a management domain and the data area corresponding to this 
at least, although it is also possible to take the above data configurations, dedicating in the same 
erasure block is preferred. 

[0040]A system evaluates "the used flag 156" preferentially from "it is the flag 155 during use." 
Drawing 6 is a figure showing the meaning corresponding to the state of each flag. FALSE takes the 
same value as the state after elimination among a figure. If the used flag 1 56 is FALSE even if the 
flag 155 is TRUE during use, the data of the sector concerned is invalid. 

[0041]Like PROM, in order to rewrite data, once it eliminates a <logical sector rewriting of flash 
ROM> flash ROM, it must carry out re-writing. And the minimum unit of elimination is large (for 
example, 64 K bytes), and blanking time is long (for example, 1 second). Then, when the file system 
of the upper layer tends to rewrite a specific sector, the data rewrite of a logical sector is realized 
on appearance, without carrying out erasing operation by moving a logical sector to an eliminated 
field. 

[0042] Drawing 7 is a figure explaining the rewriting procedure of a sector. Using the figures, 
rewriting of the No. 8 sector (a logical sector number is a sector of 8) is made into an example, and 
is explained in detail. Among drawing 7 , left-hand side rewrites, and it is in a front state (state of 
(a)), and is in the state (state of (b)) after right-hand side rewriting, moreover — in drawing 7 , the 
number in a management domain expresses a logical sector number — (under use) — under use — 
as for both the state of FALSE, and [ (used) ], in the used flag 156, the flag 155 and the used flag 
156 show [ the flag 155 ] the state of TRUE during use by TRUE. 

[0043]The data of the No. 8 sector is stored in the place of "the sector number 8 (under use)." The 
No. 8 sector is used as FAT or a part of file, and suppose that the demands rewriting of the No. 8 
sector occurred from the upper layer to change the contents now. If demands rewriting occurs, the 
device driver of a flash ROM will search the unused sector of a flash ROM, will store the data after 
a sector number and updating for the place as a place of the new No. 8 sector, and will set a flag to 
TRUE during use. Next, the used flag of the sector which was the No. 8 sector before is set to 
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TRUE. Rewriting of the data of the No. 8 sector is realized in such a procedure. 
[0044]<Garbage collection> When rewriting of the logical sector is performed by the above methods, 
almost all the fields of a flash ROM will be someday used as "a used sector." Then, it is necessary 
to once eliminate a flash ROM to a certain timing, and to return "a used sector" to an "unused 
sector." Operation of a fundamental garbage collection is explained using drawing 8 . Drawing 8 is a 
figure explaining garbage collection operation of the flash ROM in this embodiment. 
[0045](A) is in the state before a garbage collection among a figure. In order to explain simply, the 
flash ROM of this example shall comprise an erasure block of the size for six sectors. A used sector 
is [ the sector of those with three piece and a number of erase times ] 5 times during three pieces 
and use at an erasure block (1) (the contents of the number-of-erase-times counter 152 are 5). 
One piece and a used sector are one piece, and the sector of those with four piece and a number of 
erase times is [ an unused sector ] 9 times during use at an erasure block (2). A garbage collection 
is started from this state. 

[0046] First, an adjustment object erasure block is selected. An adjustment object erasure block 
turns into an erasure block here as an object which eliminates. When selection of the erasure block 
for arrangement is preferentially chosen from the erasure block containing many used sectors, its 
arrangement efficiency is good. However, if the method of setting aside the case where a used 
sector is not included and making preferentially little erasure block of a number of erase times 
applicable to arrangement is taken, the erasure block in a chip can be used on the average, and 
rewriting durability can be distributed. The details of a selection procedure are later mentioned using 
a flow chart. 

[0047]Suppose that the erasure block (1) was selected as a candidate for arrangement now. Next, a 
sector (in a flag, at TRUE, a used flag is a sector of FALSE during use) is moved to other erasure 
blocks during use of the erasure block (1) which is arrangement contrast. During use, like the time of 
rewriting of a sector, the move procedure of a sector searches the unused sector under other 
erasure blocks, copies the contents of the data area and management domain in a sector during use, 
and sets the used flag of a sector to TRUE during use of a moved material. Processing in case there 
is no unused sector is described later. 

[0048](B) of drawing 8 is in the state where all sectors were moved to the erasure block (2) during 
use of an erasure block (1). As a result, only a used sector will not exist in an erasure block (1). 
[0049]Next, the erasure block which comprises only a used sector is searched. Here, it searches 
because all the sectors within an erasure block may be used sectors by chance in the case of the 
usual rewriting operation. Then, it eliminates to the searched erasure block. Although elimination 
takes time, since two or more erasure blocks are simultaneously eliminable, it is good to eliminate 
two or more erasure blocks as at once as possible. An end of elimination will write the thing before 
elimination carried out value+1 to a number-of-erase-times counter. It is garbage collection 
completion now. 

[0050](C) of drawing 8 is in the state at the time of the end of a garbage collection. Since it is more 
efficient to eliminate an erasure block as simultaneous as possible, as long as there are a used 
sector and an unused sector, it is good to adjust much erasure block simultaneously. If it even 
arranges even if the used sector is not included, if there is what has a value of a number-of-erase- 
times counter extremely less than other erasure blocks, distribution of rewriting durability can be 
aimed at. Since the arrangement of data will change once it arranges, it becomes a cause of 
rewriting durable distribution. 

[0051] Although a used sector is in a system [ <when there is no unused sector> ] next, a garbage 
collection procedure in case the unused sector has completely been lost is explained using drawing 
9. Drawing 9 is a figure explaining operation of a garbage collection in case an unused sector does 
not exist. 

[0052]First, according to the fundamental garbage collection procedure mentioned above, an erasure 
block (1) is chosen as a candidate for arrangement. Next, the unused sector for moving a sector 
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during use of an erasure block (1) is searched. When there is an unused sector, a sector is moved 
like an above-mentioned fundamental garbage collection. 

[0053]On the other hand, if there is no unused sector as a result of search, the allocation of the 
memory block of a size required for evacuation of data will be carried out from the heap area of 
DRAM14. And a sector is copied to DRAM14 during the use within an adjustment object erasure 
block. In this case, unlike the case where a sector is moved to another field of a flash ROM, the 
used flag of the original sector is not set to TRUE. It is because the data in DRAM disappears and 
restoration of data becomes impossible, when accidents, like the cell 7 of an electronic camera 
separates at this time happen. (B) of drawing 9 is expressing the sector copied to the field of 
DRAM14. If all sectors can be evacuated during use of an erasure block of an adjustment object, the 
erasure block of the adjustment object will be chosen and eliminated (refer to (C) of drawing 9 ). 
After elimination finishes, many unused sectors should be made. Therefore, the data which searched 
a free space next and in which it had shunted to DRAM14 is restored. (D) of drawing 9 shows the 
state where the garbage collection was completed. 

[0054]Even when a garbage collection is carried out in the above-mentioned procedure, data cannot 
be restored if accidents, like the cell 7 of an electronic camera separates after eliminating an 
erasure block before restoring data happen. That is, the direction which does not take the method of 
evacuating the data of a sector to DRAM14, as much as possible can maintain the safety of a 
system more. An unused sector will be made if a garbage collection is performed once using DRAM. 
Therefore, if the garbage collection using DRAM14 is performed once and the usual garbage 
collection is performed after that, although blanking time starts too much, it can improve safety, 
conversely, the evacuation to DRAM14 — positive — carrying out (for example, as long as there is 
a heap area, it evacuates) — since the erasure block which can be arranged simultaneously 
increases, efficiency can be raised. Therefore, it may constitute so that it can specify to which 
priority shall be given between safety and efficiency. It may constitute so that it may change to 
efficiency priority automatically, when the power supply of the system is supplied from the cell 7 and 
it is supplied from safety priority and an AC adapter. This processing is later mentioned with 
reference to drawing 36 . 

[0055]If 1 preparation > remaining capacity decreases < erasure block extremely too much, garbage 
collections will occur frequently and the performance of a system will fall extremely. If an erasure 
block is used too much only one rather than the erasure block count which can store a part for the 
total logical sector, it is possible to avoid such a situation. If the case where the one same sector is 
rewritten 1 0 times is made into an example when all the sectors become under use noting that 1 27 
sector storing can be carried out per 1 erasure block and there is no excessive erasure block, the 
writing often elimination and 1270 sectors will occur. However, if the erasure block is prepared one 
too much, only the writing of ten sectors will be generated. 

[0056]Therefore, in this embodiment, since the number of erasure blocks is decided by composition 
of a chip, the total number of logical sectors in which at least one erasure block remains is designed. 

[0057]A <timing of garbage collection> garbage collection requires time dramatically, in order to be 
accompanied by erasing operation. Therefore, usage ****** of a camera will be influenced by when 
a garbage collection is performed. For example, if a garbage collection is performed when it is not 
necessary to take a photograph for [, such as a self-timer, ] several seconds, a user will not sense 
stress. 

[0058]On the <memory location management on RAM> flash ROM 15, since a sector number and 
the actual memory location are not related, in order to write a specific sector, the flash ROM 15 
must be searched. Then, if the memory location management table showing the stored address of 
each sector in the flash ROM 15 is created on DRAM1 14 when a system reboots, reading and 
writing of high-speed data are realizable to the flash ROM 15. Once it creates a memory location 
management table, It is possible to always maintain a right memory location management table only 
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by updating the memory site of a memory location management table only within the case where 
change arises, to the memory location by the writing and garbage collection of a sector to the flash 
ROM 15. 

[0059] Drawing 10 is a figure explaining the memory location management table created on DRAM. 
The created memory location management table 140 on RAM was shown in right-hand side among 
the figure. The value (NULL) as which zero sector and four sectors mean a memory location 
absence is contained. These are the sectors which there was no writing to the sector after a 
format, or the file system opened wide. 

[0060]Operation of a device driver when a file system takes out with elimination of a file, etc. the 
command which releases the sector which became unnecessary to a driver is as follows. First, with 
reference to the pointer of a sector with which the memory location management table 1 40 on 
DRAM 14 was specified, an applicable sector present in use [ on the flash ROM 15 ] is discovered. 
And the used flag of the sector concerned is set to TRUE, and an absent value (NULL) is assigned 
to the pointer of the specified sector of the memory location management table 140 on DRAM14. 
[0061]When having shunted the contents of the sector to DRAM 14 for a garbage collection, the 
pointer to DRAM is substituted as the memory location. It is desirable to also dedicate the lock 
variable for forbidding the concurrent operation to the same logical sector to a table. 
[0062]It is convenient when data exchange on a storage can be performed with a <file 
decompression of MS-DOS> book electronic camera, and the personal computer 22. The flash ROM 
managing system explained by this embodiment can be used, and MS-DOS (trademark) which has 
spread with the present personal computer, and a compatible file system can be mounted. The 
utility which restores the file eliminated once is attached to MS-DOS. However, in this embodiment, 
in order to raise the erasing efficiency of a flash ROM, it has the composition that the data division 
of the eliminated sector is lost. It has composition which cannot perform theoretically restoring the 
medium eliminated with the camera with a personal computer. 

[0063]Such an accident can be prevented if the file decompression function in a personal computer 
can be forbidden. At this embodiment, a file decompression function is forbidden by destroying the 
data used when MS-DOS is file decompression. This is explained how. 

[0064]In MS-DOS (trademark), if a file is eliminated, an empty slot will be made to a directory. 
Information, including the cluster of a file name / time stamp / beginning, etc., is stored in the 
directory. Drawing 45 is a figure showing the feature of a directory slot. EndOfDir which shows that 
it is the last of a list is stored in the last of a directory slot. 

[0065]Now, if File B is deleted, the head of a file name will be transposed to the symbol showing 
deletion, and the cluster chain of FAT will be eliminated. This situation is shown in drawing 46 . 
[0066]An undeletion program tries restoration of a file based on the information which remained in 
the 2nd slot. Conversely, restoration of a file can be prevented if this information does not exist. 
[0067] Drawing 47 expresses the state after eliminating a file with the DOS compatible file system of 
this embodiment. It constitutes from this embodiment so that the entry of the file which wants to 
eliminate the file stored in the last of a directory entry table may be overwritten and EndOfDir may 
be overwritten at the portion which was a file of the last of a directory entry table. By carrying out 
like this, restoration of the file by a file decompression function can be prevented. 
[0068]At the time of elimination of a file, it leaves the data of the sector as it is like MS-DOS (a 
sector is not opened), and there is also the method of eliminating a garbage, collecting at the time of 
a garbage collection and making it FAT with reference to the relation of data. 
[0069]In the flash ROM which pretreatment > Exists in the < background, the erasing processing of 
the direction where the data before elimination is "0" can be carried out at high speed. The check 
of the completion of elimination of a flash ROM is performed by data polling like the time of data 
writing. Therefore, when using such a flash ROM, performance can be raised by performing 
"pretreatment" which rewrites to 0 the data of the sector which became "used" by background 
processing. If it is made to perform as a task of the lowest priority, it will not lead to the fall of a 
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throughput. 

[0070]The efficiency of pretreatment can be raised if the flag is prepared for "pretreated sector" 
management in this pretreatment background. 

[0071]Therefore, it is efficient when the management flag which can display four "the states where 
it has pretreated" as a state which a sector can take in addition to "intact", "under use", and 
[ "used" ] is prepared inside [ of a flash ROM ] a sector. 

[0072] Drawing 38 is a flow chart showing the control procedure of pretreatment for the 
improvement in erasing processing speed in this embodiment. In the figure, the sector into which it 
is used and pretreatment cannot be managed with Step S2501 is extracted. This is realizable by the 
management flag in a sector serving as "used", and extracting the sector [ a sector / "finishing / 
pretreatment /" ]. In Step S2502, overwrite is started for data "0" to the extracted sector. At Step 
S2503, it is judged whether pretreatment was ended about the sector concerned. Since the writing 
to a flash ROM is a 1 -byte unit, the writing of the number of bytes for one sector is needed. If 
pretreatment to the sector concerned is not completed, it progresses to Step S2504, and control is 
moved to other tasks. 

[0073]Since this processing is performed by a task with the lowest priority as mentioned above, 
when CPU5 is in an idle state, this processing is performed again. In this case, processing returns to 
Step S2503. At this time, if the last writing is not completed, processing is shifted to other tasks as 
it is. 

[0074]After finishing the writing of "0" to all the bytes of the sector concerned as mentioned above, 
it progresses to Step S2505 from Step S2503, and the management flag of the sector concerned is 
set to the state which shows "finishing [ pretreatment ]." And succeedingly, in order to pretreat 
about other sectors, it returns to Step S2501. 

[0075]In a <FAT cash> book system, the memory location is changed into the degree of write-in 
generating, and an "unused sector" occurs at every time. Then, if there is cash which buffers a 
portion with much frequency in use preferentially especially, it will be expected that total writing 
frequency decreases sharply. As there are many memories prepared as cash, they are better, but 
there is a limit in the memory of a system. 

[0076]Although the probability of the data of a sector frequently-used originally which exists in cash 
is also high, when a sector with low frequency in use is written in large quantities, naturally it will be 
breathed out from cash. 

[0077]Then, if it constitutes so that the cash advance of the management domain which a file 
system manages may be carried out preferentially, improvement in a throughput is expectable. It is 
because the management domain of the file system is updated frequently. 

[0078]Since one cluster comprises one sector in 720k or the format form of 1.4M in the case of the 
FAT system of MS-DOS which has spread with the personal computer, even when reading a file 
sequentially, FAT must be read once to 2 times. When writing a file, still more FAT access occurs. 
For this reason, if opened by much file in a system, the hit ratio of cash will fall. 
[0079]Although based also on application software, the cash which made only FAT management in 
the FAT system can secure an equivalent hit ratio by one half of memories to the cash for the 
whole DISK. Drawing 1 1 is a figure showing hierarchical positioning of cache software. The software 
of cash serves as a file system and an interim place of a flash ROM like drawing 11 . 
[0080] Drawing 12 is a figure showing the data structure on the main memory of cash. The whole 
buffer is managed by uni-directional linear list structure. Data is old at the order of the search 
direction. If a logical sector number accesses in order of 12, 11, 6, and 5, it will become turn as 
shown in drawing 12 . When the change flag is formed in each sector and it has renewal of data on 
cash, a change flag changes from FALSE to TRUE. The read-out procedure and the write-in 
procedure of such FAT cash are explained with reference to drawing 13 and 1 4. Drawing 13 is a flow 
chart showing the read-out procedure of FAT cash. Drawing 14 is a flow chart showing the write-in 
procedure of FAT cash. 
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[0081 ]In drawing 13 , read-out of N sector is started at Step S1501. It is judged at Step S1502 
whether N sector is FAT. If it is not FAT, data will be read from the flash ROM 15 at Step S1509. 
[0082]On the other hand, if N sector is FAT at Step S1502, it progresses to Step S1503, and a 
cache list is searched. Here, the uni-directional linear list explained by drawing 1 2 will be searched. 
If N sector exists in cash, it will progress to Step S1507 and data will be read from the buffer of N 
sector. 

[0083]When N sector does not exist in a cache list at Step S1503, it branches to Step S1504 and 
discharge of the data ( drawing 1 2 data of the sector number 1 2) of the sector which is not accessed 
for a long time is performed. First, in Step S1504, the change flag of the paragraph of the last of a 
cache list is judged. If a change flag is TRUE, it progresses to Step S1505 and contents of change 
are written in the flash ROM 1 5. there is no change (when a change flag is FALSE) — it is — 
control is moved to Step S1506 as it is. It is more efficient not to perform writing operation as much 
as possible until the discharge whose buffer is cash happens although it may regard writing in in a 
read-out procedure as strange. 

[0084]The contents of the N sector are read from the flash ROM 15 to the buffer of the list last at 
Step S1506. Data is read from the buffer of N sector at Step S1507. The buffer of N sector is 
moved to the head of a cache list at Step S1508. This is attained in drawing 12 by changing the 
value of the "following buffer" (address which shows the following buffer) which each sector has. By 
operation of Step S1508 being repeated whenever access to FAT cash is performed, the buffer 
which is not accessed automatically shifts from the head of a list toward the last. Therefore, the 
buffer of the list last is chosen at Step S1504 in order to breathe out the oldest buffer. 
[0085]Next, a write-in procedure is explained with reference to drawing 14 . 

[0086]The writing of N sector is started at Step S1600. In Step S1601, it is judged whether N sector 
is FAT. If it is not FAT, it will progress to Step S1608 and the writing of the data to the flash ROM 
1 5 will be performed. 

[0087]On the other hand, if N sector is FAT at Step S1601, it will progress to Step S1602 and a 
cache list will be searched. If N sector exists in cash, it will progress to Step S1606 and the writing 
of data will be performed to the buffer of N sector. 

[0088]When N sector does not exist in a cache list at Step S1602, it branches to Step S1603, and N 
sector is registered into cash while performing discharge of the sector which is not accessed for a 
long time from a buffer. First, the change flag of the paragraph of the last of a cache list is judged at 
Step S1603. If a change flag is TRUE, contents of change are written in a flash ROM at Step S1604, 
and it progresses to Step S1605. If there is no change, control will be moved to Step S1605 as it is 
(if a change flag is FALSE). Let the paragraph of the last of a cache list be N sector in Step S1605. 
Then, the writing of data is performed to the buffer of N sector at Step S1606. 
[0089]Then, the buffer of N and a sector is moved to the head of a cache list at Step S1607. It is 
more efficient not to perform writing operation as much as possible until the discharge of cash 
happens although it may regard not performing the writing to a flash ROM in a write-in procedure as 
strange. 

[0090]Although it is judgment of FAT in Step S1501 and Step S1601, the place of a FAT area can 
be pinpointed in analyzing the contents of write data also by the system by which an IC card etc. 
cannot share the information on the upper layer (file system) thoroughly. It is because it is decided 
to be stored in the portion equivalent to logical sector O in information, including the position of 
FAT, etc. 

[0091]AII the (a management domain is included) reading and writing to the flash ROM 15 <write-in 
[ to a flash ROM / 1 byte of ]> are eventually performed with 1 byte of reading-and-writing 
command. The writing of the flash ROM 15 takes the same time as the usual PROM. The writing to 
the same chip is not made until 1 byte of writing is completed. There are a chip with which the 
signal wire is prepared as a write end signal, and a chip with which the special signal is not prepared. 
In the case of the latter, a write end must be checked by the technique called data polling. Data 



http://ww4.ipdl.inpit.go.jp/cgi-bin/1ran_web_cgi_ejje?atw_u=http%3A%2F%2Fww 4/20/2010 



JP,09-097218,A [DETAILED DESCRIPTION] 



Page 11 of 23 



polling is a method very just like verification, and is the busy control method for which it waits until 
write data and read data are in agreement. 

[0092]When a write end can be known with a signal wire, it can use together with interruption to 
CPU5, and can write in, and the central-processing-unit time in waiting can be assigned to another 
task. 

[0093]As mentioned above, data polling must be performed when it is a chip without a signal wire. In 
order to gather the efficiency of data writing, it must write in in pipeline to a lot of chips, and the 
loss of data poiiing time must be pressed down. Therefore, before 1 byte of writing is completed, it 
is necessary to put control into the next operation. Before performing new reading and writing, it is 
good to check whether former writing is completed. Drawing 1 5 expresses the situation by the C 
language. 

[0094]The 1st line of drawing 1 5 is an entrance of the function which performs data writing. The 
pointer to a structure for the first argument to save the address and data which were written in at 
the end, the address which the 2nd argument writes in, and the 2nd argument are data to write in. 
[0095]In the 3rd line, the data written to the chip with reference to the address written in at the end 
is compared with the data written to the last, and a loop is executed until both are in agreement. 
This is data polling. Completion of the last writing will slip out of this loop. 

[0096]Data is written in a new address by the 4th line. The address and data which were written to 
be the 5th line by the 6th line this time are saved. This information is used by the next data polling. 
[0097]RotateRdyQueue of the list of the 7th line is a system call of an operating system which 
yields CPU to the task of the ready condition of the same priority that should be performed by the 
next of a self-task. 

[0098]The 9th line is an entrance of a read-out function. The pointer to a structure for the 1 st 
argument to save an address and data and the 2nd argument are addresses to read. This function 
returns the data stored in the address specified by the 2nd argument to the program of a higher 
rank. 

[0099]In the 1 1th line, since the value returned if the address which it tried to read is an address 
written in at the end is the data written in at the end, it returns the information saved in the 
structure. The 12th line is the same data polling as the 3rd line. Unless it succeeds in data polling, 
another address of the same chip cannot be read. The contents of the address which data polling 
finished and was specified by the 13th line are returned. 

[0100]If the writing to one chip is carried out to the above composition, it can see certainly only by 
writing in with a chip number and increasing a task, and the upper drawing speed can be raised. It is 
effective, when it is made not to process until a buffer is covered with the contents which prepare 
and (if it is two chips two sectors) write in the sector buffer for a chip number purposely, in order to 
raise the whole throughput. 

[0101]The characteristic place of the program of drawing 1 5 is carrying out before the next writing 
rather than performing data polling immediately after data writing. Therefore, the address written 
last time and the RAM area where data is saved are secured for every chip, and it stores as a 
structure "struct DEV." 

[0102] Drawing 39 is a flow chart showing the write-in procedure of 1 byte data to the flash ROM in 
this embodiment. This flow chart shows the control procedure of the writing to one flash ROM chip. 
In Step S2601, it is judged whether the last write-in processing was completed. If the last write-in 
processing is not completed, it progresses to Step S2604, and control is moved to other tasks as it 
is. 

[0103]On the other hand, if the last write-in processing is completed, the following write data is 
prepared and this is saved to DRAM14. A judgment of the write-in end in the above-mentioned step 
S2601 is made by comparison with the data written in the flash ROM, and the data held at this step 
S2602. 

[0104]Then, the writing of data is started in Step S2603. According to the above processings, when 
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writing in by two or more tasks to two or more flash ROM chips, the writing processing which 
applied what is called a round-robin system becomes possible, and data can be efficiently written in 
to two or more ROM tips. The control program of multitasking is stored in above-mentioned ROM13. 
It incorporates, and as real-time OS [ like ], VxWorks (trademark), pSOS (trademark), etc. are 
marketed and such real-time OS [ like ] is stored in ROM13. 

[0105]There are a chip which needs the special write voltage of 12V grade like PROM in the case of 
the writing of <sharing of flash ROM write-in power supply> data or elimination, and a chip with 
which writing becomes high-speed by giving write voitage. it wiii be connected with the cost hike of 
an electronic camera, if voltage generation sections, such as a DC to DC converter for exclusive 
use, are provided when using such a chip. However, there is a portion which needs special voltage, 
such as charge of a stroboscope, a working part, and a drive of CCD, in a camera conventionally, 
and the DC to DC converter etc. are carried. Then, by performing the write voltage of a flash ROM, 
strobe charging, and a mechanism drive by Time Division Multiplexing, a system can be built with the 
DC to DC converter of small capacity, and the cost of a system can be pressed down. 
[01Q6] Drawing 16 expresses the program which manages a power supply so that the output 
capacitance of a DC to DC converter may not be exceeded by the C language. Line 1-6 is a zoom- 
in function of one step, and Line 7-13 is a 1 sector writing **** write-in function in a flash ROM. A 
zoom-in function gains the semaphore for the resource control of a DC to DC converter 
"SemDCDC" by Line3, and calls 1 step ** or ****** for a motor by Line4. After a motor drive 
finishes, the semaphore for the resource control of a DC to DC converter "SemDCDC" is opened. A 
semaphore is a general method for managing resources with the operating system of multitasking, 
and many operating systems are preparing it as a system call. 

[0107]That is, supposing "SemDCDC" was already used by other tasks by Line3, execution of the 
task which was going to zoom in until other tasks opened the semaphore "SemDCDC" will be 
suspended. 

[0108]A write-in function gains a semaphore "SemDCDC" by Line9, and writes the data of one 
sector in a flash ROM. If it checks that data polling was performed by Linel 1 and the last writing 
has been completed, a semaphore "SemDCDC" will be opened by Linel 2. Thus, if a program is 
constituted, performing the writing of zoom-in and a flash ROM simultaneously will be lost. Zoom is 
1 step unit, and since writing is a sector unit, it can certainly acquire a power supply after very 
short holding time. 

[0109]When drawing 1 6 is explained further, Linel of drawing 1 6 is an entrance of the function which 
zooms in. There is no argument in this function. One right of SemDCDC declared as a use right of a 
power supply by Line3 is acquired. At this time, if one does not have a use right, execution of the 
task which called this function will be suspended. If another task releases the use right of a power 
supply, the task which called ZoornUp will return to ready condition again. And the function to which 
the motor of Line4 is moved can be called. And by Line5, a power supply use right is returned and 
work of this function is ended. Line7 is an entrance of the function which writes the data of one 
sector in EEPROM, acquired the Line9de power supply use right, and has returned it by Linel 2. 
[01 1 0] Drawing 40 is a flow chart for explaining the share procedure of the power supply mentioned 
above. In the figure, it is judged whether supply of the output power of DC to DC converter 8 by the 
switch controller 9 was released at Step S1701. In Step S1702, the contents of directions for power 
supply reservation are analyzed, and it branches to Step S1703, and 1705, 1707 or 1709 according 
to this directions result. 

[01 1 1]If the contents of directions are supply of CCD drive electric power, they will progress to 
Step S1703 and will supply the electric power for a CCD drive to CCD2. And at Step S1704, if the 
end (namely, end of photographing operation) of a CCD drive is detected, it will progress to Step 
S171 1 and a power supply will be released. If it is a charging request of a stroboscope, it will 
progress to Step S1705 and the charging power to the stroboscope 21 will be made to provide to 
the switch controller 9. And if charge of a stroboscope is completed at Step S1706, it will progress 
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to Step S171 1 and a power supply will be released. Whenever the electric power supply of charge 
charges predetermined time, it releases a power supply for other current supply. That is, the 
program which manages the charge to the stroboscope 21 exists in a predetermined task separately, 
and completion of charge is managed by the task. 

[01 12]If the contents of directions are the drives of a zoom mechanism, they will progress to Step 
S1 707 and will perform an electric power supply to the drive system (un-illustrating) of a zoom 
mechanism. And at Step S1708, if the zooming operation of one step is finished, it will progress to 
Step Si 711, and a power supply is released, if the contents of directions are the writing to a flash 
ROM, it will progress to Step S1709 and the write-in electric power to the flash ROM 15 will be 
supplied. If the writing for one sector finishes, it will progress to Step S1 71 1 from Step S1 710, and a 
power supply will be released. 

[0113]In Step S1704, and 1706, 1708 and 1710, although it waits for the end of each operation, in 
this waiting loop, the control to other tasks moves and a multitask operation is carried out. Since 
this management processing can be started at any time and may be simultaneously started by two 
or more tasks from each task, it is checking power supply release at Step S1701. 
[01 14] According to the flow chart of the above drawing 40 , it becomes possible to use a power 
supply by time sharing. However, it is one program which depended and had all the systems (CCD / 
stroboscope / zoom / flash ROM). If such software is developed, the cost of development / 
debugging / maintenance will become large, and it will become difficult to maintain extendibility and 
pliability. 

[0115]Then, development efficiency can be raised by using the resource control function which 
likens a power supply with one resources and OS provides. Then, resource control by an above- 
mentioned semaphore is performed. That is, each control program of the actuator of CCD, the 
actuator of a stroboscope, the actuator of zoom, and the actuator of a flash ROM can assign the 
power supply by which time sharing was carried out by gaining and releasing resources (semaphore) 
called a power supply. 

[01 1 6] Drawing 48 is a figure explaining time sharing use of the power supply by this embodiment. If it 
is in the state where the power supply semaphore was released when a power supply demand 
occurs by a certain task A (for example, CCD) as shown in the figure, the semaphore is gained and a 
power supply is occupied (Steps S2001-S2003). Then, in Step S2004, if the electric power supply 
from the power supply concerned is obtained and predetermined processing is performed, it will 
progress to Step S2005 and a semaphore will be released. 

[01 1 7] At the task B which required power supply acquisition later than the task A on the other 
hand, by the power supply demand in Step S201 1, a semaphore cannot be gained but it becomes the 
release waiting of a semaphore by Step S2012. And if a semaphore is released from the task A, the 
task B gains this semaphore and a power supply is occupied (Step S2013). Predetermined 
processing is performed by the task B after that (Step S2014), and a power supply is released (Step 
S2015). 

[01 18]Time sharing use of a power supply is attained by management of the power supply resources 
by the above semaphores. 

[01 19] According to drawing 48 , there is only one semaphore which shows the use right of power 
supply resources, but it cannot be overemphasized that it may be made for two or more semaphores 
to exist. 

[0120]<Operation explanation of electronic camera of embodiment drawing 1 7 is a flow chart 
showing the operation procedures to the start of service from reboot of this embodiment. If a 
system reboots at Step S101, the management domain of the flash ROM 15 will be scanned at Step 
S102, and the memory location management table 140 will be created on DRAM 14. In parallel to this 
processing, it is counted and set to sector counters during the intact sector counters on DRAM14, 
used sector counters, and use how many there is any sector corresponding to each state. This 
counter is updated when it is behind operated to the flash ROM 15, and it is used forjudging 
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memory efficiency. Then, it progresses to Step S103 and various kinds of services are started. 
[0121] Drawing 18 is a flow chart showing the procedure of read-out service of a specified sector. 
First, read-out of N sector is started at Step S201. N sector is locked in Step S202. The lock of a 
sector is performed using a lock variable. This lock variable is managed with the memory location of 
each sector with the memory location management table 140. In Step S202, when the sector is 
already locked by other tasks, after waiting and other tasks unlock being unlocked by other tasks, 
the sector concerned is locked. A self-task can occupy the locked sector until it unlocks it at Step 
S206. 

[01 22]If a logical sector is locked at Step S202, with reference to a memory location management 
table, it will be checked [ effective in the sector concerned ] at Step S203 whether data storage is 
carried out. When effective data is recorded and there is nothing, it branches to Step S204. In Step 
S204, dummy data (for example, all 0 etc.) is read as contents of the sector. When it is judged that 
effective data is stored at Step S203, it branches to Step S205. At Step S205, data is read from a 
flash ROM (or main memory) based on the value of a recording place management table. 
[0123]Here, when a garbage collection is under execution and N sector is evacuated to main 
memory (DRAM14), the pointer of the memory location management table makes main memory 
pointing. The portion enclosed with a figure middle point line is a period which occupies N sector. 
Since the safety of one sector operation is guaranteed according to such a locking mechanism, it is 
possible to read freely the sector which is not under operation in the middle of a garbage collection. 
[0124] Drawing 19 is a flow chart showing the procedure of write-in service of a logical sector. The 
writing of N sector is started at Step S301. A logical sector is locked like Step S202 at Step S302. 
[0125]Next, it is judged whether a memory location management table is searched with Step S303, 
and data effective in N sector is recorded at it. If effective data is recorded and it will not be 
recorded on Step S304, it will branch to Step S305, respectively. In Step S304, the data of the flash 
ROM (or main memory) currently recorded as effective data till then is canceled. Processing of the 
data cancellation in Step S304 adds explanation in detail using the flow chart of drawing 21 . Control 
moves to the back step S305 of Step S304. 

[0126]In Step S305, the storage area for writing in N sector in the flash ROM 15 is gained. The 
acquisition procedure of the storage area in Step S305 adds explanation in detail using drawing 23 . If 
it succeeds in acquisition of a storage area normally at Step S305, control will be moved to Step 
S308. At Step S308, the data of N sector is written in the field of the gained flash ROM 15. 
[0127]On the other hand, at Step S305, when there is no memory location in a flash ROM (i.e., when 
acquisition of a storage area goes wrong), it branches to Step S306. Step S306 gains main memory 
to evacuation of data. The memory management function which an operating system provides 
performs partitioning of main memory. This is a function which is equivalent to an alloc function by 
the C language. And the secured field is managed according to uni-directional linear list structure. 
[0128] Drawing 20 is the appearance of the evacuation data list gained on main memory, (a) is in the 
state which does not have data in an evacuation data list, and EIMD_OF_LIST is substituted for the 
list, (b) is in the state where the contents of each sector of the sector numbers 3 and 20,221 are 
evacuated to the evacuation data list. 

[0129]A recording place management table is updated at Step S309. Here, the pointer to the 
recorded flash ROM (or main memory) is substituted. A logical sector is unlocked at Step S310. the 
period surrounded by the figure middle point line — the logical sector can be occupied. Step S31 1 
estimates memory efficiency. About the evaluation procedure of memory efficiency, explanation is 
added in detail using the flow chart of drawing 21 . When memory efficiency gets worse as a result of 
evaluation of memory efficiency, control is moved to Step S312. The garbage collection mentioned 
above is performed at Step S312. About a garbage collection, explanation is added in detail with 
reference to the flow chart of drawing 24 . The writing of N sector is completed at Step S313, and it 
returns to the main routines. 

[0130]The pointer (address on bus space) of the memory location is dedicated by the memory 
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location management table. From the next field (in the figure, shown immediately downward) of "the 
pointer to the following data" of the data which shunted to the main memory of (b) of drawing 20 , 
there are the data structure and compatibility on the flash ROM in the left-hand side of drawing 10 . 
The pointer to this compatible portion is dedicated by the memory location management table. By 
constituting in this way, it becomes possible to treat a flash ROM and main memory with a single 
algorithm by the read-out program side of data. 

[0131]Next, the procedure (above-mentioned step S304) of canceling memory of the specified 
sector is explained. Drawing 21 is a flow chart showing the procedure of canceling memory. 
[0132]Memory cancellation of the appointed field is started at Step S401. In Step S402, it is judged 
whether the field which memorizes the specified sector is on main memory. If it is on main memory, 
it will branch to Step S405. The appointed field is deleted from a shunting sector list (uni-directional 
linear list shown by drawing 20 in this example) at Step S405. 

[0133]The deletion procedure of the appointed field from a uni-directional linear list follows a list in 
order of the search direction from the head of a list first, and detects the paragraph to which the 
pointer is carrying out pointing of itself. And it realizes because he assigns now the value made into 
pointing to the pointer of this detected paragraph. And the main storage area deleted from the list is 
returned to an operating system at Step S406. Return of the storage area to an operating system is 
a function equivalent to the free function of the C language. 

[0134]on the other hand, the field specified at Step S402 does not come out on main memory — it 
is (namely, on a flash ROM) — it branches to Step S403. In Step S403, the management flag of the 
sector on the specified flash ROM is changed into "used." This is attained by setting a used flag to 
TRUE. At Step S404, one value of the intact sector counters on main memory is decreased. It 
returns at Step S407. 

[0135]Next, the evaluation procedure (Step S311) of memory efficiency is explained. Drawing 22 is a 
flow chart showing the evaluation procedure of memory efficiency. 

[0136]Evaluation of memory efficiency is started at Step S501. Step S502 compares the value of 
intact sector counters and the value of used sector counters which were set as main memory. Here, 
whether the value of used sector counters is the same to the value of intact sector counters, and 
when it exceeds, it constitutes so that aggravation of memory efficiency may be reported to a 
higher rank program (Step S502, S504). If the value of intact sector counters is larger than the value 
of used sector counters, an evaluation result will be normalized and will be returned normally (Step 
S503). 

[0137]Next, the acquisition procedure (Step S305) of the storage area of a flash ROM is explained. 
Drawing 23 is a flow chart showing the acquisition procedure of the storage area of a flash ROM. 
[0138]Acquisition of the storage area of a flash ROM is started at Step S601. The search right of an 
unused sector is acquired at Step S602. Here, the search right of an unused sector is managed 
using the function of the semaphore which an operating system provides. Here, only the processing 
term surrounded by the dotted line from Step S602 to the step S609-/step S61 1 can monopolize 
the search right of an unused sector. It is the structure for preventing the situation where two or 
more tasks gain the same field simultaneously. 

[0139]A pointer is moved to the sector of the beginning of a flash ROM at Step S603. With 
reference to the management flag (under use a flag, a used flag) of the sector, the condition of use 
of the sector concerned is judged at Step S603. If it is [ be / it ] under use in used, it branches to 
Step S605. If the sector pointed at at Step S605 now is the last sector, it branches to Step S61 1. In 
this case, since an usable field will not exist in the flash ROM 15, after opening the search right of 
an unused sector wide at Step S61 1, an abnormal return is carried out at Step S612. If the sector 
pointed at at Step S605 now is not the last sector, it will branch to Step S606. In Step S606, since a 
pointer is moved to the following sector, it returns to Step S604. 

[01 40]If the management flag of the sector which step S604 pointer shows is intact, it will branch to 
Step S607. In Step S607, the management flag of a flash ROM is changed "into use" (a flag is set to 
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TRUE during use). And one value of the intact sector counters provided in main memory is 
decreased at Step S608. In this case, since it has succeeded in acquisition of the storage area to a 
flash ROM, the search right of an unused sector is wide opened at Step S609, and it returns 
normally at Step S610. 

[0141]Next, the procedure of a garbage collection (Step S312) is explained. Drawing 24 is a flow 
chart showing the procedure of a garbage collection. 

[0142]A garbage collection is started at Step S701. In Step S702, the erasure block for arrangement 
(henceforth, arrangement object biock) is elected. About the election procedure of an arrangement 
object block, explanation is added in detail using the flow chart of drawing 25 . In Step S703, the 
unused sector of an arrangement object block is made used. About the procedure of this used-izing, 
explanation is added in detail using the flow chart of drawing 26 . The purpose of making the unused 
sector in an arrangement object block making it used first here, Even if it is during a garbage 
collection, it has composition in which the reading and writing to the sector in which other tasks 
contain the sector in an arrangement object block are possible, and is to prevent new data from 
being written in the sector in an arrangement object block by other tasks during a garbage 
collection. 

[0143]In Step S704, a sector is moved to other storage areas (namely, other erasure blocks) during 
the use in an arrangement object block. About the processing which moves a sector to other 
storage areas during use, explanation is added in detail with reference to the flow chart of drawing 
27- 

[0144]In continuing Step S705, elimination of the arrangement object block which ended movement 
of the sector during use is performed. About the procedure which eliminates an arrangement object 
block, explanation is added in detail with reference to the flow chart of drawing 28 . In elimination of 
this arrangement object block, the contents of the number-of-erase-times counter 152 are copied 
to main memory. After finishing elimination of the arrangement object block in Step S705, the data 
evacuated to main memory at Step S706 is returned to the number-of-erase-times counter of the 
erasure block of a flash ROM concerned. And it returns from a garbage collection at Step S707. 
[0145]Next, the election procedure (Step S702) of the arrangement object block in a garbage 
collection is explained. Drawing 25 is a flow chart showing the procedure which carries out 
arrangement object block election. 

[0146]First, election of an arrangement object block is started at Step S801. The first erasure block 
is set to an evaluation pointer at Step S802. Similarly, the candidate pointer for arrangement is set 
to the first erasure block at Step S803. 

[0147]Next, it is judged whether the used sector is contained in the erasure block which an 
evaluation pointer shows at Step S804. If the used sector is not contained, Step S804 and Step 
S805 are skipped, and control is moved to Step S807. 

[0148]On the other hand, when the used sector is contained in the erasure block which an 
evaluation pointer shows at Step S804, control is moved to Step S805. Step S805 compares the 
value of the number-of-erase-times counter of the erasure block which the value of the number- 
of-erase-times counter of the erasure block which the candidate pointer for arrangement shows, 
and an evaluation pointer show. If there are few numbers of erase times of the erasure block which 
an evaluation pointer shows, control will be moved to Step S806. An evaluation pointer is 
substituted for Step S806 to the candidate pointer for arrangement. If there are more numbers of 
erase times of erasure Plock which is carried out also at Step S805 and an evaluation pointer shows 
on the other hand, control will be moved to Step S807 as it is. 

[01 49]It is judged whether the evaluation pointer shows the last erasure block at Step S807. If it is 
not the last erasure block, after moving an evaluation pointer to the following erasure block at Step 
S808, it will return to Step S804. As mentioned above, the candidate pointer for arrangement comes 
to show little erasure block of a number of erase times by repeating processing of Steps S804-S808 
including a used sector. 
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[0150]When the evaluation pointer shows the last erasure block at Step S807, it branches to Step 
S809. At Step S809, it returns to garbage collection processing (processing of drawing 24 ). The 
erasure block which the candidate pointer for arrangement at this time shows is elected as a 
candidate for arrangement. 

[0151]Next, the processing (Step S703) which makes used the unused sector in the selected 
arrangement object block is explained. Drawing 26 is a flow chart showing the procedure which 
makes the unused sector of an arrangement object block used. 

[0152]Processing is started at Step S901. At Step SS02, a pointer is moved to the sector of the 
beginning of an arrangement object block. Next, the search right of an unused sector is acquired at 
Step S903. This has the same effect as Step S602 of the flow chart of drawing 23 , and while being 
surrounded by the dotted line to Step S908, it monopolizes the search right of an unused sector. 
That is, other tasks are forbidden from carrying out search which is an unused sector until it scans 
for all the sectors of an arrangement object block and changes an unused sector into a used sector. 
However, since an unused sector is changed into a used sector by operation of only a management 
flag, the monopoly time of a search right is short and the whole throughput does not fall. 
[0153]At Step S904, it is judged whether the sector which the present pointer shows is an unused 
sector. If it is an unused sector, it branches to Step S905. The memory is discarded at Step S905. 
The procedure of Step S905 is as the flow chart of drawing 21 having explained. An unused sector is 
changed into a used sector by this processing. In Step S906, it is judged whether the pointer shows 
the sector of the last of an arrangement object block. If the last sector is shown, if that is not right, 
to Step S908, it will branch to Step S907. At Step S907, a pointer is moved to the following sector 
and control is returned to Step S904. 

[01 54]If a pointer is a sector of the arrangement object block last at Step S906, the search right of 
an unused sector is wide opened at Step S908, and it returns to garbage collection processing (flow 
chart of drawing 24 ) at Step S909. 

[0155]Next, the processing (Step S704) which moves a sector to the unused sector of other 
erasure blocks during use of an arrangement object block is explained. Drawing 27 is a flow chart 
with which the move procedure of a sector is expressed during use of an arrangement object block. 
[0156]Processing is started at Step S1000. A pointer is moved to the sector of the beginning of an 
arrangement object block at Step S1001. The sector to which a pointer points is processed in 
following Steps S1002-S1012. 

[0157]The management flag (under use a flag, a used flag) of the sector concerned is judged at Step 
S1002. If the value of the management flag has become "under use" at Step S1002, control will be 
moved to Step S1003, and if it is "used", control will be moved to Step S1012. A logical sector is 
locked at Step S1003. The locked sector is occupied by a self-task until it is unlocked at Step 
S1011. 

[0158]A storage area is gained at Step S1004. The procedure of reservation of the storage area in 
Step S1004 is as the flow chart of drawing 23 having explained. Here, each sector in an arrangement 
object block is processing of the above-mentioned step S703, and since all are made used, the 
storage area secured serves as an erasure block of those other than an arrangement object block. 
[01 59]If it succeeds in acquisition of a storage area, processing will progress to Step S1008. In Step 
S1008, the data of the sector concerned is copied to the gained field. And according to movement 
of a sector, the memory location management table 140 is updated at Step S1009. 
[0160]On the other hand, when acquisition of a storage area goes wrong at Step S1004, it branches 
to Step S1005. In Step S1005, the storage area for data saving is gained from main memory (DRAM). 
Acquisition of the storage area for data saving is as Step S306 of the flow chart of drawing 1 9 
having explained. In Step S1006, the data of the sector concerned is copied to the gained field. And 
the Storage and File Management Sub-Division table is updated at Step S1007. The original memory 
is discarded at Step S1010. That is, the used flag of the sector to which a pointer points is set to 
TRUE. And the logical sector concerned is unlocked at Step S101 1. 
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[0161]At Step S1012, it is judged whether the sector to which a pointer points is a sector of the 
last of an arrangement object block. If it is the last sector, if it is not the last sector, to Step S1014, 
it will branch to Step S1013, respectively. In Step S1013, a pointer is moved to the following sector, 
it returns to Step S1002, and above-mentioned processing is repeated about the following sector. In 
Step S1014, since processing is finished about all the sectors in an arrangement object block, it 
returns to garbage collection processing (flow chart of drawing 24 ). 

[0162]Next, the erasing processing (Step S705) of an arrangement object block is explained. Drawing 
28 is a flow chart showing the elimination procedure of the erasure block used as the candidate for 
arrangement. 

[0163]Processing is started at Step S1101. The number-of-erase-times counter of an arrangement 
object block is copied to main memory at Step S1 102. Elimination of an arrangement object block is 
performed at Step S1 103. In Step S1 104, the value to which the value of the number-of-erase- 
times counter copied to main memory was made to increase one time is written in a flash ROM. 
That is, the value of the elimination counter of the arrangement object block concerned is made to 
increase from the value before erasing processing one time. Then, it returns to garbage collection 
processing (flow chart of drawing 24 ) at Step S1 105. 

[0164]The garbage collection processing shown by above-mentioned drawing 24 is the processing 
which used the flash ROM as much as possible, and its safety of evacuation data is high. However, 
as the paragraph [ above-mentioned / <in case there is no unused sector> ] explained, when the 
data of a sector is positively shunted during use using main memory (DRAM 14) and two or more 
erasure blocks are eliminated, the efficiency of erasing processing is good. However, since data is 
shunted to DRAM14, safety falls about the data under shunting (for example, when a cell separates 
and current supply stops, the data which shunted to DRAM will be lost). Then, the classification of a 
power supply is judged, when a supplied power source is a cell, the safety of shunting data is 
thought as important, and in the case of an AC adapter, since there are few dangers that current 
supply will stop, it may constitute so that the efficiency of erasing processing may be thought as 
important. The processing in this case is explained with reference to drawing 36 . 
[01 65] Drawing 36 is a flow chart explaining the procedure in the case of switching garbage collection 
processing based on power supply classification. In the figure, about the step which performs the 
same processing as the processing shown with the flow chart of drawing 24 , the same step number 
is attached and detailed explanation is omitted here. 

[01 66]If garbage collection processing is started in Step S1300, it will progress to Step S1301 and 
the gestalt of the current supply to the device concerned will be judged. Here, the switch controller 
9 of drawing 1 j udges whether the supply origin of a power supply is the cell 7, or it is AC adapter 
23, and notifies to CPU5. When power supply classification is the cell 7, it progresses to Step S1304 
and garbage collection processing shown by above-mentioned drawing 24 is performed. 
[0167]On the other hand, when power supply classification is an AC adapter in Step S1301, it 
progresses to Step S1302. In Step S1302, processing equivalent to Step S702 of drawing 24 , S703, 
and S704 is performed, and a sector is shunted during used-izing of the unused sector in the 
elected arrangement object block, and use. And in Step S1303, it judges whether there is any 
sufficient free space to shunt a sector to main memory (DRAM14), and if there is sufficient free 
space, it will return to Step S1302. In Step S1302, an arrangement object block other than the last 
arrangement object block is elected, and above-mentioned processing is repeated. 
[0168]If free space sufficient on DRAM 14 is lost, it will progress to Step S1304 from Step S1303, 
and the arrangement object block elected by above-mentioned processing will be eliminated. And 
the data which shunted to main memory at Step S706 is returned to the flash ROM 1 5, and this 
processing is ended. 

[0169]As mentioned above, according to processing of drawing 36 , when a power supply is supplied 
by an AC adapter, data is shunted using the availability of main memory positively, two or more 
arrangement object blocks can be elected and put in block, erasing processing can be performed, 
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and the efficiency of erasing processing improves. 

[01 70]Although the gestalt of a garbage collection is automatically switched in the above-mentioned 
processing based on power supply classification, it cannot be overemphasized that it can switch by 
a manual by operation of the control panel 1 2. 

[0171]Next, the release procedure of the logical sector which is one of the basic services is 
explained. Drawing 29 is a flow chart showing the release procedure of a logical sector. 
[0172]Release of N sector is started at Step S1201. N sector is locked at Step S1202. As a result, a 
iogicai sector can be occupied by a seif-task untii it is unlocked at Step SI 205. Then, memory of 
the sector concerned is discarded at Step S1203. It is as the flow chart of drawing 21 having 
explained the discarding treatment of this memory. An "out" value is assigned to Step S1204 to the 
memory location management table 140 of DRAM14. In Step S1205, a logical sector is unlocked and 
it returns at Step S1206. 

[0173]For example, in general file systems, such as MS-DOS (trademark), when eliminating a file, in 
FAT, it is only making overwrite possible about the sector belonging to the file concerned, and 
releasing each sector is not performed. Therefore, when the flash ROM managerial system of this 
embodiment is applied to such a file system, the data which became invalid will be left behind as an 
effective sector, and efficiency, such as a garbage collection, is made to fall on a file system. 
Therefore, the sector which became unnecessary based on directions (for example, file erasure) of a 
file system is detected, and if it constitutes so that this may be released, the efficiency of a garbage 
collection can be raised more. 

[01 74] Drawing 37 is a flow chart showing the release procedure of an unnecessary sector when file 
erasure is directed from a file system. In the figure, it is judged whether there were any directions of 
file erasure from a file system at Step S1401. When there are directions of file erasure, the sector 
contained in the file directed that it should progress to Step S1402 and should eliminate is 
extracted. Extraction of a sector can be extracted by referring to FAT. And release processing of 
the sector explained with the flow chart of above-mentioned drawing 29 is performed at Step S1403 
about each sector extracted at previous Step S1402. 
[0175][Embodiment 2] Embodiment 2 is described below. 

[0176]<Disk controller emulation> The feature which looked at the Storage and File Management 
Sub-Division system of the flash ROM explained by above-mentioned Embodiment 1 from the upper 
layer resembles the disc medium well. By therefore, the thing to include in the system provided with 
the emulation function of a disk controller. It becomes possible to transpose a disk controller and a 
disc medium to the Storage and File Management Sub-Division system (or IC card incorporating the 
Storage and File Management Sub-Division system of this embodiment) of a disk controller 
emulation and this embodiment. Although the IC card represented by PCMCIA has spread in recent 
years, it becomes possible by building the Storage and File Management Sub-Division system of a 
disk controller emulation function and the above-mentioned Embodiment 1 into an IC card to use as 
a removal storage. A 2nd embodiment explains what built the Storage and File Management Sub- 
Division system of Embodiment 1 into the IC card. 

[0177] Drawing 30 is a block diagram showing the composition of the IC card in Embodiment 2. In the 
figure, 200 shows the whole IC card. 201 is a microcomputer and performs a disk controller 
emulation and Storage and File Management Sub-Division. 202 is ROM and stores the program of 
the microcomputer 201. 203 is RAM and functions as main memory of the microcomputer 201. 204 
is a flash ROM and stores data by the Storage and File Management Sub-Division system explained 
by the above-mentioned Embodiment 1. That is, the flash ROM 204 is managed in the management 
domain and data area which were explained by drawing 4 . 

[0178]205 is a command/data latch part, and holds a command, a cylinder number, etc. from an 
external bus which were received from the host device. 206 is a FIFO memory, and outputs and 
inputs data with FIFO. 207 is tuple ROM, it has memorized the feature of the card concerned, etc. 
and read-out of it is possible only from an external bus. 
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[01 79]The function of each above-mentioned composition becomes clearer by subsequent 
explanation of operation. 

[0180] Drawing 31 is an easy block diagram of the host system for using the IC card of this 
Embodiment 2. In the figure, 301 is a microcomputer by the side of a host system. 302 is a card 
interface and connects the internal bus of a host system, and the external bus of IC card 200. The 
card interface 302 is provided also with the power supply line for performing current supply to IC 
card 200, and the signal wire for receiving the interrupt request (IRQ output) from IC card 200. 
[0181] Drawing 32 is a flow chart which shows the procedure at the time of the host system of 
drawing 31 connecting an IC card. If processing is started at Step S4100, the current supply to an 
IC card will be started at Step S4101. In Step S4102, the data stored in tuple form is analyzed from 
tuple ROM7 in IC card 200. The feature of the IC card connected can be understood in analyzing 
the contents of tuple ROM7. 

[0182]In Step S4103, it is judged whether the IC card connected can connect with an internal bus 
using the tuple information analyzed at Step S4102. And to Step S4104, if connection is possible, if 
connection is impossible, it branches to Step S4105, respectively. In Step S4104, the bus by the 
side of an IC card is mapped to the memory space and IO space of a built-in bus of a host. It will be 
in the same state as a disk controller is in the space of the bus of a host device at this time. 
[0183] Drawing 33 is a flow chart which shows the main sequence of the microcomputer 1 in IC card 
200. If the power supply of an IC card is switched on at Step S4201, the Storage and File 
Management Sub-Division system will be initialized at Step S4202. That is, the state of the logical 
sector of all the erasure blocks of the flash ROM 204 is once read, and a memory location 
management table is created to RAM203 for main memory according to the read information. The 
buffer of ring shape is prepared and initialized as a command buffer on main memory at Step S4203, 
and interruption processing is permitted. Operation of a interruption routine starts after this 
processing. 

[0184]The sequence of a interruption routine is shown in the flow chart of drawing 34 . Since it 
becomes that it is [ explanation of the flow chart of drawing 33 ] easier to understand operation of a 
interruption routine, the flow chart of drawing 34 is explained here. 

[0185]If a host system writes a command in the address of the command to a command / data latch 
205, an interrupt will occur from a command / data latch 205 to the microcomputer 201. The 
command / data latch 205 is mapped by IO address space of a host bus and the bus inside an IC 
card, and IO address is assigned as a command/data is shown in drawing 35 , respectively. Drawing 
35 is a figure showing IO allotment in the command/data latch of this embodiment. In this example, 
an interrupt occurs to the microcomputer 201 by writing a command (for example, ReadSector 
which directs read-out of data (s)) in the address of Command in drawing 35 . 
[0186]If an interrupt occurs, the software of the microcomputer 201 will move control to Step 
S4301 of the flow chart of drawing 34 . In Step S4302, the data written in the command / data latch 
205 is read, and data is stored in the ring buffer on main memory. A interruption routine is ended at 
Step S4303, and it returns to the flow chart of drawing 33 . 

[01 87]It returns to explanation of the flow chart of drawing 33 . The microcomputer 201 judges the 
state of a command buffer at Step S4204. If data is stored in the command buffer, it branches to 
Step S4205, and if data is not stored, it will branch to Step S4213. CPU is made into hibernation at 
Step S4213. Although it has the function for many one-chip microcomputers to stop execution of a 
command, and to cut down the consumed electric current, CPU of this embodiment is also provided 
with this kind of function. And if the interrupt request signal by IRQ is inputted, CPU201 will return 
from hibernation and will perform an above-mentioned interruption routine. When execution of an 
interruption program ends, it returns from Step S4213 and returns to Step S4204. 
[0188]If data is stored in the command buffer at Step S4204, it will shift to Step S4205. In Step 
S4206, data is read from a ring buffer. A command is interpreted at Step S4206. When it is the Seek 
command, in the case of Step S4207 and the ReadSector (s) command, branch to Step S4208, and, 
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in WriteSector (s), it branches to Step S4209, and, in the case of the IdentifyDrv command, 
branches to Step S4210, respectively. Although there are other commands, what is not an 
explanation overlay important point of this embodiment excluded, and has simplified the flow chart. If 
execution of the command to step S4207-4210 is ended, it will return to Step S4204, and the 
above-mentioned processing is repeated. 

[0189]The Seek command is executed in Step S4207. Since Seek does not have a head in a flash 
ROM unlike a disk device, the validity etc. with which the following command is equipped are only 
checked. When the head position exceeding the number of heads which an IC card supports, etc. are 
specified, an error occurs like a disk unit. 

[0190]Step S4208 performs processing to the ReadSector (s) command. The number of the sector 
which should read the ReadSector (s) command is specified by SectorCount of drawing 35 . 
therefore, the sector of the place specified in Step S4208 — a SectroCount piece — the act to 
read is performed. Since it is managing in the Storage and File Management Sub-Division system of 
this embodiment using the linear logical sector number, A linear logical sector number is calculated 
for a cylinder / head / sector number to origin, the contents of the logical sector are transmitted to 
FIFO memory 206, and increment of SectorNumber of a command / data latch 205 is also 
performed. FIFO memory 206 is a FIFO memory used as the composition which reads the data 
which could read the data written in from the internal bus of IC card 200 from the external bus, and 
was written in from the external bus from an IC card internal bus. 

[0191]Here, an above-mentioned linear logical sector number is explained. The number generally 
specified to a hard disk is a three-dimensional discontinuous number decided with the parameter of 
a sector, a cylinder, and a head. For example, when a number of cylinders is a hard disk whose 1024 
pieces and number of heads are 16 pieces and whose sector number is 63 pieces, a sector number 
will be 1024x16x63=1032192 piece. 

[01 92]It is designed specify all of the three above-mentioned parameters, and access them although 
I hope that this sector can be accessed as No. 1032192 from No. 0. For example, the next of 
cylinder 500, head 16, and the sector 63 is condition of accessing cylinder 501, head 0, and the 
sector 1. Each initial is taken and these three parameters are called a CHS parameter. 
[0193]In an operating system like MS-DOS (trademark), although a linear (continuous) sector 
number is used inside, a device driver changes this into a CHS parameter. In the system of this 
embodiment, since a linear sector number is used, origin is asked for a linear sector number for the 
value of a CHS parameter. It is a cylinder number x(16x63)+ head number x(63)+ sector number in 
the case of the above mentioned hard disk. 
A linear logical sector number can be found by calculating. 

[0194]Step S4209 performs processing which writes data in the sector of the place specified by the 
data latch. Data is received from a host system by FIFO memory 206 course. 
[0195]Step S4210 performs processing which returns the information whether IC card 200 is 
carrying out the emulation of what kind of hard disk. That is, processing which writes the data 
containing the spec, as hard disks, such as a number of cylinders and ModelNumber, in FIFO 
memory 206 is performed. 

[0196]By including in an IC card, the Storage and File Management Sub-Division system explained 
by Embodiment 1 as beyond <the analysis of the file system> explained can be used for replacement 
uses, such as an ATA hard disk. However, there is no technique of getting the information for 
performing processing called opening of the unnecessary sector produced by FAT cash and file 
erasure, such as the ATA command, from a host system. By carrying out additional mounting of the 
sector number designation command which carries out cash to the open command of a sector using 
the empty portion of the ATA command, the function of FAT cash and unnecessary sector release 
is realizable. And it cannot be overemphasized that it is better to have been able to realize opening 
of FAT cash or a sector also by systems, such as present MS-DOS which does not assume that 
there is such a function. 
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[0197]The FAT system stores the information of the place and size of FAT in the portion equivalent 
to the logical sector number 0. According to this embodiment, the place and size of FAT are 
acquired by reading this sector, and it uses for processing of FAT cash. Although it is an IC card 
which originally should not understand the contents of write data in a similar manner, it can use for 
processing of an IC card judging and opening an unnecessary sector independently in analyzing the 
information (a directory entry and FAT) for a file system. It is not the talk restricted to FAT, of 
course, and if the contents of the data written in also with the file system of HPFS or Macintosh 
(trademark) are analyzed, detection of an unnecessary sector is possible. It makes it possible to 
perform optimization processing doubled with operation of the file system also by the interface of an 
ATA hard disk with constituting in this appearance. 

[0198]The storage which made the program of the above-mentioned embodiment memorize can also 
attain the purpose of this invention attained with the function of the above-mentioned device, or the 
function of a method. For example, by equipping a personal computer with the storage and executing 
a flash ROM control program which is explained to the following read from the storage, While being 
able to use a flash ROM on a par with a disc system, decentralization of rewriting durability can be 
attained. The structural feature of the program concerning this invention for this is as being shown 
in drawing 49 . 

[0199] Drawing 49 is a figure showing the control procedure of the control program stored in the 
storage in this embodiment, and the memory map of this storage. 

[0200]In drawing 49 (a), 350 is management processing and two or more sectors which comprise a 
data area and a management domain corresponding to a data area are formed in a flash ROM, The 
state information (under use the sector number 154, the flag 155, the used flag 156) which shows 
the memory state of a data area in each sector is stored in a management domain, and access of 
the flash ROM 15 is managed based on this state information. For example, as the flow chart of 
drawing 1 8 or drawing 1 9 showed, the writing and read-out of data to the flash ROM in a sector unit 
are controlled. 

[0201]351 is erasing processing, it extracts the sector to which valid data exists in a data area 
about the erasure block in a flash ROM based on state information, moves the contents, and 
eliminates the erasure block concerned. This is the garbage collection processing shown with the 
flow chart of drawing 24 . 

[0202]352 is count processing, is counted for every erasure block by making into a number of erase 
times the number of times to which elimination by the erasing processing 351 was performed, and 
memorizes this number of erase times at the number-of-erase-times counter 1 52 of each erasure 
block. This is processing shown by Step S1 102 of drawing 28 , and S1 104. 

[0203]353 is decision processing and determines the erasure block which should serve as an erasing 
object in the erasing processing 351 based on the value of a number-of-erase-times counter. This 
is processing shown with the flow chart of drawing 25 . 

[0204]In a actual control procedure, if the start of garbage collection processing is directed by the 
management processing 350, the decision processing 353 will determine the erasure block of an 
erasing object with reference to the number-of-erase-times counter 1 52. If erasing processing is 
performed by the erasing processing 351 to the erasure block of the erasing object determined by 
decision processing, the count processing 352 will ************** the one number-of-erase-times 
counter 1 52 of the erasure block concerned. 

[0205]The control program for realizing the above-mentioned control procedure is stored in 
storages, such as a floppy disk, a hard disk, or CD-ROM, with composition as shown, for example in 
the memory map of (b) of drawing 49 . The above-mentioned control program is read, for example by 
information processors, such as a personal computer, is loaded on main memory (RAM), and is 
executed by CPU. Loading of the above-mentioned control program to a main memory top may be 
performed via LAN. 

[0206]in addition — drawing 49 — ( — b — ) — setting — management processing — a module — 
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350 — ' — decision processing — a module — 353 — ' — erasing processing — a module — 351 - 
- ' — a count — a treatment module — 352 — '. It is a program module which performs each 
processing of the management processing 350, the decision processing 353, the erasing processing 
351, and the count processing 352 shown with the control procedure, respectively. 
[0207]Even if it applies this invention to the system which comprises two or more apparatus, it may 
be applied to the device which consists of one apparatus. It cannot be overemphasized that this 
invention can be applied also when attained by supplying a program to a system or a device. In this 
case, the storage which stored the program concerning this invention will constitute this invention. 
And the system or device operates by the method defined beforehand by reading the program from 
this storage to a system or a device. 
[0208] 

[Effect of the Invention]As explained above, according to this invention, in the managing system 
which can adapt a flash ROM to a file system, it becomes possible to decrease dispersion in the 
number of erase times for every elimination unit. 
[0209] 



[Translation done.] 
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7^-^©jil/«iRbTV^S 0 C©«J:5E««b-r^ 

sfcfe, raat{c^©fig©xvux^ift$^sct 

[0 0 3 0] *aBglBO«-?*^vm #E7ny 
^f/VfX| 1 0 4(C*5ttS77 7^aR0M©IB'lt 

[0 0 3 1] HI ^Lfc79>y^aR0M 1 1 
Sft^S^Sft^l'yOfeO^S^ **<4>JtT7 

7-r>aD i s KfflKB8SS*nfc*-r7 , fc^-v^-;i'3 

ytfa-^©B I 0SfflKIBS2nfe^7*S t **. BU 
#ttJB**ffi^N- Fr-f X^-pHRttft 5 1 2/ V F 
T*3b*)s 774)W>Z : rI*t<DM&&mmic&i<\ % 



#©77?5'aR0Mtt«£#ffiflm« 6 4 kft£t 
3 0 $fc, PR0MO«k:«ta*«EEfcLTl 2V§ 

©mjE^iEififtfcofesso u^tft^e, 'mom 

•7(0777 V3. R OMttettTfX^JWSWffft*, #H 

as^ium \mnwsmwmr)-? : y 7 ^>a r om-p 

&Dfttf577^;l^X7\McftLTA-Kr^X2l§] 
[0 0 3 2] <77'r>aR0MF7W^7x- 

(1) D$>*^-fe**"^V-?J8£Lfc-fe**fr5© 

(2) n^#;l/^22t>A-7Jli£Lfc-fe22frP>© 

( 3 ) a j?*;!/* 2 2 1 v^-«Lfct * * ©Kj» 
©«H*«»ntf > 77r>aR0 MO K5-f /^tt«Bfc 
JS DT^Bft-b: * 2 5 H t mm tftZtcih, 

m&< 7vv r om«bs-t* c ksv-et*. 

[0 0 3 3] (3) £WfcM£ft, If CD I S KT- 

SUfiK^-r^Ofcv h**±»f*»Sff«*. 77 
-Oli/ZrUi. 7 r^ivmm^mtr^tc^ 
22% (3) ©ItM^TrVW^Fv^Vxlftrf 

§ 0 75r>a r oummmmmm^mm 

[0 0 3 4] tm<0<¥ AT*+'y>a>fC48V»Tt)tt 
(*+7^a±£*8lAr--2) fcT^-feXfSif^fc* 
*22£*+75/aUXh©«^&li2-tt3 CWB, 
tS) Cfc?*&ftr-*tf**y5'ifr5«£;£n3 

irtittAMg < ft s. #k 3 ^/ w 5-$©* B7 

7^a£^Ti^Wf£fttfft< , ±12©*+ 7 
[0 0 3 5] 0 3 14, r/WXF7^^fi7n7^ 

extii, ^WXMO'jyWy^^D, ^ 

tU*©xVUX%^tS@W^ffl$n§o Dev 
Namett> f/WXO«MtLTffifflSn«. Ini 
tDevli, f/WXOl!)»-f^\0^^y^f 
£5 0 ShutDownli, T/^OH^h^V 
Jp-f-^O** ^f&S. ReadSector 
ft, a^#;l/^22£fg£LT«ft©l^£^777'\ 



ctorli, oi^;M?22£lt£LT^7 77©ftt 
TfeSo ReleaseSecto r fcta$>#/Hz2* 

%*it£LT, ■b^2%i?&-r§;i/-7 c ^\©^y2i? 

[0 0 3 6] o©#tjg#£{>ML 

2-f>7 P 7 If— r i' X^Of^ ReleaseSec 
t 0 r£MW±l?U^n^7^^>^tf 

5/a U X h *»6«S-b 2 2 MJIBif *#>f > 2T& ± 

[0 0 3 7] <77'y^R0Mfl7jS>777^ 
R0M£ftT3r-2*£jA&ft, ±ffiJB077'TA'$' 
Xr2*frSfc**#tircfTt>n*. 04ft, 75r>a 
R0M±O-fe^**BfiO««*THT**. BMfcfc^ 
T, 1 5 i(i^l/-x7n7^T^So c©^l/-77 
n 7 2 1 5 1 H?8S©#ffi-e* Ox 7 7 7 R 0 M© 

20 5s 7 7^;^Xr£tf$5 "iia-fe22" 

[0 0 3 8] H4£«tntf, ^XrA4)(C?It©777 
•>aROMl 5 #883*1X1/^ &77 7^aR0M 
1 5tta»©-ri^-X7n»y^ 1 5 1 fc£oT«£tl 
3 0 Be, ^Ix-X70 7^ 1 5 \mmmm7y 
21 5 2t*M©-t?22l 5 3EJ:^Ti)SSnm 
«?**&feftt^*. M2«7j7y2 1 5 2 ft, 
U-X7D72 1 5 l«BSLfc@»*A9^M-«» 
30 KfflV»**»"P»*. &-fe22 15 3ft, mWfcf 
-^Sttfcfc^tfS. fta-fe22#^&lt 
t-tr22#^ 1 5 4 fc, fc**tf£*fi|ffl;£ftT^Sfr 
E5irft&t>?m*77?l 5 5fc, ^22£UT© 

m^tm o ffc, r-2«4, 5 1 Z;WhOr- 

[0 0 3 9] T-^WtilWft, R&^TEII 
*5&gfc8ftK, 05©«£3, fca&TtSirStii'Mf 
^5ti§o 0 5ft, ta«TOr-2i:, r-*M8fc 
40 *»KLT««!-r5*!^S-rH-pa&So ^22#^§r 
-7;Mcft, M,©-te22 1 5 3©#-fe22#^fl 5 4 
tfffiJWSftS. ifc 772r-7;Wcft, m^77 

2*1 5 5, «ffl»*77^i 5 e^^n^o st, 

r-2r- 7;Wcft, r-2g|51 5 7©rtg^ffl$n 

[0 0 4 0] ft*, '>XfA(i rffiffl^7^2~l 5 5 J 
*D tmm77>fl 5 6J O^^ffftWKlW 
50 3 0 06ft, #77^©m^C^jSLfc«!*^-r0T 
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a*, falser mmmmtmrnzk 

[0 0 4 1] <77'yi/aROMOia-b^^tt^^- 
>777~>aROMaPROM|BHi, 

ftv\, tfrtK Msoa^tt^tr < (09*ff64k 

[0 0 4 2] H7f±42f*0»tSl*#)i*iKWr5H 

7^ mmmmmmx$>^ c (a) o« 

1) , MW«t$*f£<Dtttl ((b) o«JD T-fe 

zmzmu (&m) imm7??i 5 5#tr 20 

U E T*ffiB»*79? 156*^ FALSE ©M^ (fl! 
ffl») ttffiffl(t>75^1 5 5 fc«ffl»*75^1 5 6tf 
«fcTRUEO«tt*^r o 
[0 0 4 3] "-fe**#^8 (filffl*) " OUBft, 8 

FAT^r-f/UO-aJfcUTjfiWBStlTV^T, ^©ft 

7 7 S/a ROMOf/WX F5>f ^8, 77>r>2 R 0 

t«*77^TRUE!:t§o Wiu8#-fe?* 
^ofe-fe^#OflW»*75^%TRUEK-r*. C© 

So 

[0 0 4 4] <^-^3l/^i/ 3 y>W±©«^!i 

7^R0M©(S£A,H©fg$% "ffiffiSr-fe?*" Kb 
TLSStfcKfcSo ?LT'$^W5y^77>r> 
aROM^-B^SLT "ffiESRr**" * "*«JB-fe 40 

fcfcttS 75 y ->a R OMOjJ^-^a l^>a yfjft 

[0 0 4 5] m$ (A) fi, «X-v i 3l/^v'3yiO 
IflffiTffcS. KWfcWlfcffcfcaic, #$J©757^ 
a R 0 M«-fe 7 * 6 ffl#<D*t £ ©^ Ix-X 7d 7 * T? 
HfcSftT^SfeOfc**. ^P-X7p7* (1) fc 

EBStt50T?*« (M*lHlit*7y^l 5 2©rt«*»5 50 
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Tfc*) o <<l/-*7ny* (2) Mtm**9*tf 

[0 0 4 6] Hfi^-YWX7a v7£8£t 
5 0 £1 c-eHSSWl-Y P-X7n 7 ?tt?8££fT5*f* 

w i^-x7n -y tzmftmzimimttzii&m 

ntff-ry 7fW 1^-X7n -y ^^^WKffifflt 5 C 
R¥*OifWR:o^Ttt7P-f'+- hfcffl^T&3$* 
[0 0 4 71 4, ^-X7"P7 7 (1) tfSStfftfc 

LTigsnfefcts. laai-es^u-x 

7P7? (1) ©$ffl*-fc?* (ffiE*77?#TRU 
ET\ ttiR»75WFA L S E©-fe?£) fcfti©^ 

**0ffifflS#75?*TRUEfc*So 

[0 0 4 8] 08© (B) 14, -YU-X7P7? (1) 
<Dmi^9Z*t<X'(U-X7'Uy? (2) ^» 
£#fcttl?&So ^U-X7n-y^ (1) 

[0049] ^{c, «ffl»-b^*^H-T«*«n-rv^ 
its m<D*m%.m<D&Kfoffcfi'-z'7v'yffi 
h u&Zo m^xmznrc-r u-x7o y zicmlt 

S©^- U-x7p 7 ^*iB*t *©*»fiv^o JBSiWRT 

[0 0 5 0] H8© (C) S«j?^-3;3l/^S/g>«7 
«fO«JB"e*«o WX7d -y ^*?t S^RIRK: 

fcSISO fc < SA/Ol' P-X7a 7 ^^HBftllS 

■rr s t Sv> D wtc?i£[HiS(7j 7 y * optsw 

-X7D7?£D'>&l^©tf&n«\ ffiffljg"fe^^% 
[0 0 5 1] <»t^^^l^>»->XfA 
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ftbfti^©^-^^:^ y<Dmft*Wfflt% 

mx°&%, 

[0 0 5 2] fc? , J^bfcg#«&#'*-^3U*$' 
a >#Kg£Sev\ ■Ylz-XT'ny* (1) fcSSttfci: 
LTSKfSo ftfc'fWX^D^j' (1) ©$ffl#-fe 

[0 0 5 3] fc*<D*SIL *$ffl^**>Wn 
tf, DRAM1 40fc-7 , x'J7fr5r-*0iI2£ft 

AMU'salf-n, LOl^li, 77T>aR0M 

©tMW75?*TRUEfcb4^. ftifftBCOBWSi 
TMI? * * 5 ©«?fi 7 ft if© WS^iS C o fc* 

ilfitf-e$fc<ft5fr&-e*a. H9© (b) », dr 20 

AMI 4 0lW'\3l£-Sft;fc**#*^LTV'»*. 

mmm<Dj 7n <y * <om** 9 * zt<xm 

rjHsta (S9cd (o w o mmt>ormt 
*m*?*Wc<-z^mx^mfx*&%o ^ 

X, *K5fe«ffl«**«*UTDRAMl 4^MLT 
ft-afc?-***^*. 09© (D) a, jtK-SJa 

[0 0 5 4] ±fiB©¥MT*2K— 73b^>a y%bfc 

^W77D7^^KbtA^f-^^i 30 
jet 3 * T?<OlBlf«:tfF * ^ 7 ft Jf©« 

£D> WOf-*SDRAMl 4£3HW-**Stt 
,§D RAMI 4^ofc**^-^3l^^->g>%fi : V\ 

^©ftci^ojQf^-^u^s/a ymz.it. mm 

DRAMM^OjHS^ttSWfcffd (W£t-7ft 40 

X, $3>ttfcS»*OH-fe5%«fe-rS3!p%»£-etS± 
5 fcfl&SbTfc «fcV\, SfcS'Xr A©«»MI«7 * 0 
«&SnTV^S«^ttg3>tt«5fe, A C 7*7*fr 5tt 

[0 0 5 5] <-fW-X7ay**sfea-fcloffl*>9 
t) £fttffftt£4>& < ft 3 i #««-5?a b^>a ytf£ 50 
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^LXi/7sTL<D/^7t~^y^tmmcm^o Urn 

^»«w«c-r i/-x7n 7 ^*ffiffltnar, ^© <t a * 
«tt«ant« o fctfwe&So fit, i ^ i/-x7*a 

y**fc9 1 2 7-fe**fc«T?*3i:bt\ ±X<DW 

tf, l o nicest 1 2 7 0-fe?*O9f 

So bfrU ^l/-X7PV*«sk#£l'OE£bTte 

1 0***®»£&*b*J»f8£b&V\, 
[0 0 5 6] iot> -Ylx-X7PV 

X7n 7 *»*KW-t5. 
[0 0 5 7] <fi^-i/XUtiS3y<D$4^y?>$ 

b5Cfcib<ftV\, 

[0 0 5 8] <RAM±OB«IBffBI>77yfaR 
0M1 5±T?a-tr^^S^t^OfBm^F/f^li)iLT 

aROM 1 5*«»tftW-ntf464l#\ £CT">Xr 
AtfU7-M-§B«C, 79«y^aR0Ml 5K*WS 

D R AMI 1 4±Kffj*LT*< fc, 77T>aR0M 
1 5£8bTffiBfcr-*0Sl**t£limT?*S. - 

0M1 5fCftt-§^£©*t£^#^-^nl/^>/ 
3 >lc J: o TiBWBflTfcSHtf £ &fc#&fclSo TfEtl 

^timmmT-7)v%m&?& c tmmx&% 0 

[OO59]01Ott, DR AM±fcfftSSftfeE1t» 

M±cDjMbrc!BHtimear-7;n 4 o%^l/c 0 

0-b^^i;4-b^^ t4E««0T 3 RSE*Si«t 5<l (NUL 

D j^AoT^So iinett, 7*-vy ym<D*t 

[0 0 6 0] 7r-f^>XrA««77'^;K0?B**ifP 

«^<0r/ VX H9^^0»ff{4^0«k 5 Eft*. £ 
1 s , D R AM 1 4 ±OK1tf§ffiWar-7;V 1 4 0 ©it 
SSnfc-fe^^©^y^^#MbT777^aR0M 

1 5±©£ftteffl*©KS-r«'fe**£KbtH-r. ^b 

T, SK-fe^*©ffiffl»77^*TRUElCU DRA 
M 1 4±©IB1HimW 8r-77I/ 1 4 0©fi£-b^^© 
l^y^^ftfi (NULL) %ftA-f£o 
[0 0 6 1] ftfc\ ft<*-*?x\/9s/ay<tfkttt# 
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©rt§£DRAMi 4<\f*»i,Tv*«&ik tmm 
m-mm* t * \m? mmmzmtt 3&©n y t 

[0 0 6 2] <MS-DO ScD7r-Y;P^7n>*«?* 

7^y^ROMfa7aS£$fflLT, iift^-Vf/l/ 
nytfa-^BRLT^SMS-DOS cm 

M S - D 0 S ic H:-fi?B£ L Tz 7 7 J^Ufct % a- 

77 7^aROMO«ij^^±$^^C, 

[0 0 6 3] ^-V"f;l/3>lf i-^Tf(07r^;mt7C 
5 o *$fflBgtt?& MS-DOS #77^ ;l^7G©Hf 20 

Kfiwt ^ r- * wt 5 c t T-7 r ^wmrn^ 

[0 0 6 4] MS-DOS omo T\ 77<f;l'*}fiS 

^a*77^;V£/^A7s*y7/S$<D*7X# 

fcHOlfStftettSftT^S, 0 4 5 «fV I/? h U X 

SSKtt, U X h vmV&Z C ^tEndMDiriflfc 

[0 0 6 5] 4", File B^ffiJGTf 77^£©ft 30 
»WW»*ai-S/y*;WcB*JHA5n, F A T©2^ 

[0066] TyfV-b^n^yMt, 2#@<DXn 
<y hfcS^fcfflfSfcTcK:, 7 7>T;l/©«7G£fit#3o 1 

[0 0 6 7] H4 7a*W^DOSS^7r^;l/ 

XmBSSm&t. tV 1/7 h Ui> h 'J r-7;J/<D«fg 
t«$nTi^7r-Y;^£Lfc^7r^;KDxy 
h'JKitfU 7 t 4WhVx.VhV7—7>\'<Dm 40 
©7 r ^£ofcffi#EMfDir£J:«frl-S £ 5 (C«| 

7 7"r;l/0«7C*l»±T?tS. 
[00 6 8] 7r-Y;WISH#fCtiMS-DOS 

tf a t tT-z<DmmmLTL%m*mmz 

[0 0 6 9] <t\^*f9^y Ht»M«ra!>*579y^ 
iROMTU ffi*M©T-*# "0" fcftoTV»S2f 50 
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fcioTfrfctiSo flteT* C0«fc3fc75vi/:iRO 

£ fctM^fclflLhS-SSC St>^7^ 
* U r ©2X? i: LT^tf * 5 «fc 5 ic UTfetttf, X 
;t/-7y hwffiTKli'o&tf 5fcv\> 
[0 0 7 0] £©fu»W?777y FT© "Mffll 
Sf-b ^ * " «ao»E 7 7 ^^ffllltfestffilio 

[0 0 7 1] *Ofei6E» -fe7^©tD5 5mitb 

t> r*ffifflj r^^j r^ffl^j Kin at rtuM 

©40©mi^^TtSSa77^777^a 

r oMo-t^^rtgp^fflMi-s tiawi^. 

[o o 7 2] H3 8 a, xmrnmcwzmzmm 

T&3 0 BHK*V»T» Xr7 7"S 2 5 0 1 CT, ffiffl 

t^*rtoffa77W r^HSfj fcfcoTi^T, 
rMMa^j tftoTi/^-fei'^saa-rsjii: 

TUlTtSo Xr-y7S 2 5 0 2CfcV^ ftttiSn 
fc^^icftLT-r-* roj *±»**IB6t*o X 
r-y 7S 2 5 0 3*l43tJH:**K:o^TM^«*7 
l/fe3W5*»*W»f"r*. 75r>a R 0Kf\©«a»l4 
1 /W F¥ftT&S<DT\ Hr^WhROlii 
fctf&gfc&S. SgH??2W^Mffltf£l7LT 

v^narxryT's 2 5 0 4^1^ fao^x^j 
[0073] ±jit/cct5tc*$aaaftfe7 , 7^^yr 

YOffiV^X^TfrfenSOT, C P U 5^7^ F;W 
9tiXr'y7s 2 5 0 3^8. c©Bf^T\ 

[0 0 7 4] W±©cfc5fcLTM«7£©£/WMc 
>PtLT TOJ ©»ji»%»ASi:, Xx77 3 S 2 5 0 3 
*^Xry7 , S 2 5 0 5^1*, S^b^^OWa77 

^ rtuffia^j ^-rmit-b-yht^o ^lt, 

T77S 2 5 0 

[0 0 7 5] <FATtt»J/a>*fXfATtt, » 

KWtmtA^ 7 7 y y^r*** <y 5/a*^ntf b- 

[0 0 7 6] *3t£ffiffliBia©*^-b^*07*-*tt, * 
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[0077] %ct\ 7r-C;l'^XrA^wat5Sa 

-77 h©ft±MJTt§<, mr^yr^^yXT 

[0 0 7 8] /^-Vt;l/3yH°a-^T^RbTI/^M 
S-DOSOF ATi/XrAOf^, 7 2 0 k^l. 4 
M n^fc7*-Vy h^T-ai *7X#tf !-k7* 

■?«£ftT^32!> i/-^ry>'+;Wc7r^;i'%lEty 10 

*&7*fe 2 0K 1 mit F A T*S8S &#ftf£&5&t/\> 
77>(Vl'£»<«£fci\ S5fcfc<SA,©FAT77-fe 

^ ;WC *- TVS =la§ t * * 7 is a © 1 7 Y tfWfS T 

[0 0 7 9] 77 , J>r->'ay77b7x7fc: i &J;3 
S«, FAT ^fAtfcl/^ FAT 0»%#fl(C bfc* 
tyfatt, D I S K£fl**ttMcl/fc4 l iry5'aK» 

1 + 7 S/a 7 7 h «7X7©PSHW*<ft|ltttt*S 20 
tH"e»3o *+7^a©V7h7x7&Hl 1 ©*fc 
77^;l^XrAfc77 7^aR0M©*HW&i§m£ 

&3o 

[0 0 8 0] III 2&^7-7a©±sE1i±©T--£$ 

V>5. M»fe**#fttf 1 2. 11,6, 5©Jl#-?7 
*-trX*fttf, Hi 2fc*Sft*J:3*»»i:**. £ 

7^a±^r-#©H$W3&o/'df£\ SEM7vWF 30 
ALSE^eTRUEK^k-TSo C©<fc?&FAT* 
^7~>a©^ttiLm RtflSt&fc^KBfcH 1 3, 
1 4£#|Hl7CBtol3t5. HI 3iiFAT+1"r>a© 
K#ffiL¥**#r7n-f-*-h*fc*. H14&F 
AT + t 7^a©»jA^li%g-T7n-^^- h-pfe 

So 

[00 8 1] Hi 3te35l/^\ Xf77S 1501 TN 
■fe7*©W!#tfiU£gli!&f5. 7.r-y7°S 1 5 0 21?N 
•fe7##FATfrH5 frfcfWTSo FAT TffttMl 
tf, Xf77S 1 5 0 9t?77'y>aROMl 5fr5r 40 

[0 0 8 2] -73, XT77S 1 5 0 2-eN-t^^^F 
A T&5Xr 77S 1 5 0 3^51^ +t7->a'JXh 
CCTIi, HI 2T«8fiUfe>Wlfll«»U 
Xh&tftSTSCfcEfcS,, ^i-yS'aftyCN-fe^tf 
#&ttlH > XT77S 1 5 0 7'\3i#, N-fe7£©/W 

[0 0 8 3] Sfc, XT77S 1 5 0 3TN-fe***Mr 
* y a U X h * fc #fe L ftfr o » X r y 7* S 
1 5 0 4^KU Sfc:5<77"feX£ftT^&lMr7 50 
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2<Dt-$ (HI 2THi-fe7##*f 1 2 Or-*) ©tt 
£fflL*fr5. *1\ Xr77°S 1 5 0 4m *-Y7 
3/aUXhO««©S©gE77^* ! PJ»ftSo tbSE 
H75$WTRUE*5* XryT'S 1 5 0 5N§&> 
SgMrtS*77'y*>aR0Ml S^tff&tro SHtfJR 
^ (f!77WFALSEOi^) 45, ^©SSX 
rvT'S 1 5 0 6-\|iJil^To a*WL¥«l©ife» 
ta»*fr5©tt*WKJi5frt Lti%^t>\ ^7 77 

+ 7 ^ a ©nt t tB L&m c % t mmr^mif 

[0 0 8 4] XrvT'S 1 5 0 6T'777>'aR0Ml 
5 5 U X b ffig©^ 7 7 7 *\ N * 7 # © rta*lt* W 
to Xfy^S 1 5 0 77 s N-tr7£©/W77fr5r- 
^^^ffi-To XryT'S 1 5 0 8t?N-fe7*©^y7 

7£^7*7aUxh©»\S»j2#3o cna, 0 
i 2e*^t, *fe***rarr* r^©^777-j 

GfcOrty 7 r-«St7 Kl/X) Otf*«JtrS!li: 
T«$tl5 0 FAT**7$'a'\©77-fcXtffTfrft 
8fifcXfy7S 1 5 0 8©»ft*<«!>jgSftSJ:i: 
T\ i$£77fcX£ftftW^y77tfyxh©$feSlfr 
B«ftt|ft*»oTS/7hbTVK. £oT, XT77S 

1 5 0 4-euxhiii©/ , ;7 77^s^©ti, gfcftv^ 

^7 77£tttttif&T*a&3o 

[0085] %(ch 1 4 mmLxwmmmmt 

§o 

[0 0 8 6] Xfy7S 1 6 0 0T*N"fe7 
*Htt**. Xfy7S 1 6 0 im N-fe7#tfFA 
Tj&^frfcWSrfS. FATT?fcttn{f> Xr77"S 
1608^1^ 75yJ'aR0M 1 5^©r>-^©« 

[0 0 8 7] -7J> Xf77S 1 6 0 lT?N"fe7*tfF 
ATftBtf, XT77S 1 6 0 2^1^ ^^7^aU 

+^7'>a^cN-ir^^^#4i-n« > 

Xt 7 7S 1 6 0 6^)1^, N-fe^^©^777'\r- 

[0 0 8 8] Sfc, Xr77°S 1 6 0 ZTfN*^^* 
+ 7 i^a U X h tt»K#fi bft*^ fcl^fi, Xr 7 7 S 
1 6 03^«U ^y77^5fifeS<77-feXSn 

^y^atSES-TS. S"f\ XT77S 1 60 3T+ 
+ r>i ■; X h©llt©«©gM77^iJ»f1-§o t 
LII77^TRUES^ Xr77Sl 6 0 4T^ 
IrtSft77y>aR0M'\»ta^ Xr7 7°S 1 6 
0 5^}ltyo ISil^&e (I177WFA 
LSE45) ^©tSXr77S 1 6 0 5^|iJ«^ 
to XT77 > S 1 6 0 5^ *+7S/aUXh©»^ 
oa*N-fe^*kf*o *©ftx XT77S16 06 
Tf» N-fc^*©/^y77^r-*©*ii**^ff1" 5o 
[0 0 8 9] *©ft, Xr77 , S16 0 7TN, 
©/Vy77^+7^aUXh©^^ll$^S 0 # 
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*a#¥lll©*T?77y S'a R OM'\<D*t&**?Tfe 

[0 0 9 0] $fc, Xr77S 1 5 0 lRtfXr77S 
16 0 1 fcfetfS, F A T0WIW&*#, I C A- F 

a-b^*OK*Ba-r5a5»£F ATO(j[|^<0««^« 10 

[0 0 9 1] <75v^aR0M'\Ol/Vf bO»*a 
*>77-r>aROMl 5fc#*5£T<D (ffHRWfc 

*&*ff*7**$T»i, rai;^7X<o»t&*«:? 

£ 0 m<Di§£te, T-$$-Vyytmo5&x*m 20 

fctt. ^'J7r-TK#«k:«fc«Kfe*S-p, »*ii*r 
- * t M& ffi L r- * tf-St 3 * T?f9 o If v-mx 

[0 0 9 2] fl^»KJ;t)T»*ii*»7«»l*!:kS« 
CPU5^©M!)&#fc0ffflLT*£& 
*#l3#®CPU2^A£Bij0*X^iJDST5<:£: 

[0 0 9 3] ±$cd£?k:, #^ff«ft^y7©l§£ 
ft, r-#*-U^*fi4434H"ntf*64v\ r- 30 

^IH0nx*#£*fctffttift&&v\, l 
;K h ©»tii»^7f SME^lf^W^t 

ff£7LT^Sfr£3fr*^*30tf&</\, HI 5 

[0 0 9 4] mi 5<0 1ffBl4, r-*«S&**fT? 
MSOADnTfe^o flH0<D§l»«*Syc»£&A/E7 

f ux fc7^*4H!iHrr*fc»o«fift^o#-r 40 

3§2®§IS«**&&7KUX, SI 2 ®§ 
[0 0 9 5] 3frBm S«K:*$jiA,£7KlxX* 

ti#7*-*#-u ^^t*5o Knao»*3a**^57t 

[0 0 9 6] 4friT*fU^7KUX'\Da t a*»* 
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[0 0 9 7] UXh7fTBORotateRdyQueuett, S^X 

^o*fc*fTsn«^*R-7 , 7>f * u ty vmmfc 

[0 0 9 8] 9ffBtt»*tUti8»OXDPTfa&5. £ 
1 05l»li7 FUX£r-^{S#t3fci6®«jIf*'\ 
VlMl'*. S2®5|»{il*m"r7Kl/X"P*5. C 

[0 0 9 9] l lfrim fcLRfcffl^SfcU^K 
UXA<g»£etaA,/£7FUXS:5M-rii{ififtK:» 

to 1 2frS«3?T@fcllC<fc5&T-##-U^T* 

<D7 HWafcHOt tff-e&b^a r-*#-U v^tf 
HfcoTl 3ff§TJ!£Lfc7FUX®rt§£MbW 

[0 10 0] 1 ^y7^0»ta**W±©a*«Ji8t 

7*£0fc**/W77*fflj& (2?-y7*ft5 2-fe* 
*) bT»tiitrrt§*<Ay7rt}SS*S?«Hit4 

[0 l 0 l] 01 5©7W5A©1«tt8ftfci:5tt, 

mm^fcT F UX t*-* LT£ < R A MMK& 
^7 7iT^tCBtf*LW* Tstruct DEVJ fcLTfcfflL 

[0 10 2] H3 9tt, «aW«lC*Jt*79yS/a 
R 0 M^O 7n-f 
+-hT?3&«„ #7n-f-+-Md\ 10©77 7^ 
R0Mf-7 7^\©»ii*O»$JI^tTV^ 0 Xr 
7 7S 2 6 0 1 MlHO«jA^ffia^7t/c^§ 
frZmt §0 tu@<D*3A*©ffl^7 LTV^ttntf 
Xr-y7S 2 60 4^1^, ^OSSfto^X^'xIiJi] 

[0 1 0 3] -X, mmmmmiL-z^n 

«\ W&f-M«l, utl^DRAMl 4^x 
m?Z>» ±a©XT7 7S 2 6 0 1 Cfe^S*5&*» 

i<m ijsfttx 777 ->a r 0 Mfcatasftfc r-* 

fc, C0XT77S 2 6 0 2T?flH#Sftfcr--#i:©Jt 
[0 10 4] M>/^T, Xr77S2 603E*5^T, r 
«RO75yS/aR0Mf-y7 , fc»LT, f»*X7 
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0 Mr 7 f\zM < T-#©«t&*#m 

So ftfc, Trt/r^x^taTW^iai, ±3$©R 

0M1 3Kfitt«nT^a. ffi*ii*±5©U7;W 
iOStl/TB, VxWorks (BSD ^pSOS (AW ^ 
rUIKftTfcD, R0M1 3KJm60«fe5ftU7';^ 

[0 10 5] <75y->aR0M«ta**JfiOft^{k 
>r-2©«t&&^8*©i^PROM[l»l 2 V 

^©#m«tjA&tt±%&Mtt-£r7 7^, 

§o <:©«fc^y:/*ffiffi*S«£K:Sffl0DC/DC 
3 y A~ it m<0WE.%£B!>*1&tt SfcWP#*7©3X 

izmwMm <o d c/d c 3>7*-***as*L 

l©DC/DC3y^-#T-S/XrA«g-?f, *>x 
rA©3X Cfctf-Pt*. 
[0 1 0 6] 01 6&, DC/DC3>^-^<0tH*$ 20 

SSLfefeOT&So L i n e l~6#lXf 77©X 
-£777180?, Line7~13^77>r>iR0 
M^l-b^*«*jitf»*ji»RI»T*«. X-A77 
T'HftfiL i ne3TDC/DC3:/^-*0*St8 
ffl£D-bV7* "S emDCDC" £«!#LT, 

1 7,Tv"mmm&h \ n e 4?#mtif 0 

HftiWRbS t D C/D C 3y^-*©gl>gaffl©-f? 
Y7* "SemDCDC" *PiW*. -feV7*«x7l/ 
^^X^O^I^-rYy^yXrATS^fa-r^ 30 
SOHRfiaaSTCSD, O^U-tV :^X 

[0 1 0 7] BP*., L i ne "S emDCD 

C" fcMS©*X*£<fcoT$ffl£ftT^cfc-rSfc, AS 
©*X*tf-tr?7* "SemDCDC" *HfiW*STf 
X-2>777£L£? fcbfc*X*©*frjWilHSft 

[0 10 8] *t&*HSttL i ne 9T"trY7* "S 
emDCDC" *W#U 75^>a R OMa 1 -fe^* 
Or- L i ne 1 lTf-^^-'J^" 40 

i n e 1 2tHTV7* "SemDCDC" tHttf*. 
C0*5fc7W5A*l*lfrrfttf, X-A777i:7 
7 -y ^ R 0M©«t &#*Bllif fcfr 5 c t im < * 
§ 0 X~AttlXr'y7'#ffi*e*D> 

[0 1 0 9] HI 6K:ot,>THfCiWf3£, 016© 
Line l{iX-A7«y7Y«l8»OA0P , pa65. * 

mmcm\mt%i\ l i n e 3-ewBofiM«ftii:b 50 
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T*tUfeSeriOC<!)*PJ*-' OWW*. cl©Bf, 1 

llfrttffiSSns. «B©^^J*9J©*X*tf#K 

H3„ ^LT, L i n e 4 Ot-^-^K^tll^if 
tffflf CfctfTftSo ^LT, Line 57\ ffig&ffl 

mmmhx^mmmmjtZo l i n e 7 

a 1 ■fe**®r-*fcE E P R 0M£#f jitrHSOX 
t)PT?*t), L i n e 9 d eWfiWWJSiSlfbTL 
i n e 1 2TSSSH/r^*. 

[0 1 1 0] H4 0&, ±atfe«SO«t#)i*SiM 
fSfctt^P-f^-hTf&So IrIEIK&^T, Xt 
77S 1 70 1T\ «S3ybn-79fc«tSDC/D 

cay/*-* s ®ai***o«t&^<B]fi&snrc^s*^ 

WWt5. Xt 7 7S 1 7 02m WaWSOfcft© 

m<om*mu ^©wsnt^T, xr77 

SI 7 0 3, 1 7 0 5, 1 7 0 7, 17O90Vvfftfr 

[0 111] H^OrtStf, C C DEft*7J©#l^£ 
fttl Xr-y7S 1 7 0 3^1*, CCD2fcftLTC 
CDK«l©:fci&©W73£#SJ&'fr5 0 ^LT, XT7 7S 
1 7 0 4 fcT, C C DlK»j©f*7 (fiPSfflBIlft©*! 
7) WWtZts Xt7 7S 1 7 1 l'sfift, *S© 
tomZfiio £fc* XhP#©?6«g*T-a&tUf, Xr 
7 7S 1 7 0 5^1^, «R3>hn-5 9fc:WtTX 

hn#2iic*hr*ftwi*«i««*.*. *i/t, x 

ry/S 1 7 0 6-eXbn#©5M£^7L£5>v Xr 
7 7S 1 7 1 1^1*, «BO«Rtt«fi3. ft*, 

3fgl^lS©S**ff 5§fcfl!i©«B^& 
©rc46K«g%»i»1-5. BPS, Xhn#2 l'vOjfW 
%gaf 5 7D ? 7 A ttSmBfcjfrJg© * X * u 

smo^Ttt^-o^x^tcfcoTwa^nSo 
[0112] £*©rt£^ X-A««©igiiTsn 

tf, xr7 7s 1 7 0 7^1*, X-LMm>WM 
<?mm) '\nfiWfc%ff5o ^LTXr7 7s l 7 0 

8T\ iXr77©X-A«if^^/c5Xr77s 1 

7 1 l'si*. «gi&)Ktt-rs. Ht, mi<omifi7 

yyi/z.ROWWm&frT&tUi, Xr7 7S 1 70 
9 '\J1», 77T>aR0M15 ^\©«3A*«^ *^t& 
l-b^^©«E*««»Afc5^ XT77S 1 7 
1 0!b^XT77S 1 7 1 1^1^, *jg=&»K1-S 0 
[0 113] ftfc\ XT77S 1 7 0 4, 1 7 0 6, 1 
7 0 8, 1 7 1 Otfc^T, #»^©»7«#'0*\ C 

©#-5;l/-7fcfev^T, ^©^^^^©WW?, v 

;i/r^x^©a*«sn§ 0 c©taMaa, 
mzft%nimm&%%, xr77s i 7 0 i?«mv 

jK©f-x7?£fiSTt/^o 
[0 114] J^±©H4 0O7n-ft-F£<tMR 
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6, T^T©^XtA (CCD/XhntfYX-A/7 

[0 115] JfC-p, WgfclOOfBBfcllJiTTOS 
^WZ'ttOo SP%> CCDOlIidgp, Xhntf'olEifr 

as, x-a©ihj^ 75y>aR0Moeii»©*n io 
*n©fl?j»7W5Atf, mmth^mm otr^*) 

[oii6]04 s&xmmmzznmvv&tfmi 

7*£lf#LT, WStedHTTS (XT77S 2 0 0 1 
-S2 00 3) a I^TXf^yS 2 0 0 4lOS^X, 

asms* ») ©«^«i&%f#Tms©Sfla^if ? x 20 

T77S 2 0 0 5'\l/^-feV7*£«SJrf So 
[0 1 1 71 -7a2X?A£D®ftT«M#£g*L 
fc#x*BTHi, XT77S 2 0 11 fc&tf^WM 
Tii-tv7*£lfretf\ XT7 7S 2 0 1 2t<t 

■fev7*jWH««n*i:, £©-fev7*£#X;7Btfl 
#LT, WM&iS^rS (Xt 7 7S 2013).?© 
ft*X^Btf»f£OjBai**ffL (Xr 7 7S 2 0 1 
4) , m«jR«rr« (XT77S 2 0 1 5) „ 

[0118] u±(D&?%iz-?7*K£mmnm<D i § 30 

[0 119]**, H4 8(C«fcntf, «B«S©iPJffl* 
f iJ£*t-feV7 * — 3 Lfr4V>tf , Si!(f@©-k V7 * 

^#ft-r 5 * 5 1 1 r t av ^ c i: a w ? * if t» & v\ 

[0 12 0] <Hffl^SI©*?*^7©ilfM>Hl 

7 a, *&5w&t8© 'j 7- h # ex©i fei -?© 
ft^#/i^^t7P-f-^-h^s 0 xr77s 1 

0 1 TJ'arAtfy 7- h Xt 7 7s 10 21? 
77'yfiROMl 5©MBW*X* + :'U DRA 

M l 4±tfB'S13TSar-7;^ l 4 o*m£fSo $ 40 
fc, o©MatMlfLT, DRAM1 4±©*^ffl-b^ 

*£7y*, {MR??##7y#, fiBB****** 

-feyhtSo il©*7y^{i, i(C77'r> 
a ROM 1 5£ftLT*|{t£f?ofc£f £Hfr£ft, IB 
tt&**Wlr*S©K:Bv^tt3. Xr77s 

1 o 3^i», §a©-9--ex^i^TSo 

[0121] 018 tis ^^^^©^tULif-trx 
©#IH%St>1-7n-9 1 ^-bTfe5o Sf, Xr77 
S 2 0 1 ?N^£©WE&tHL£P*mf So XT77S 50 
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2 0 2Trtt, N-fe^fcny^fS. tjf>Ony>S 
oy^aaS*ffit?Tfi5o Lflcyi'lii, fB'ilfifr 

tar-7^ 1 4 o * * ©k«§Bt 1 1 1. k ea 

£ft£o XT77S202T&, ■fe**tf&K:ft&©*X 
7yvvtZ4n%<D%ft%, {ffi©£X^t£oT7yn 

7 *f s nfcmr* * * © n 7 * *ff 5 . o 7 *? t fc 

•fe?#{iXT77S 2 0 6T*7yP7*f 3£T©lffl> 

[0 12 2] XT77S 2 0 2T*tim'bt$*U»j9t 
XT7 7S 2 0 3f«I3Tfar-7;l/^#M 

XT77S 2 0 4'\#tt?So Xt 7 7S 2 04m 
^-©t-2 (Wltf^a&OftH) £fc**©rt8fc 
LTKfctfJf . XT77S 2 0 3?t$&T-#tf$» 
?ftT^5fc ! PJIWSftfc#&tt, XT77S 2 0 
KTSo Xt 7 7S 2 0 5-ea!BgiI3rfaT- 7VP© 
I*7CK77VJ'aR0M (Sfett±8B«) fr£>T-2 

[0 12 3] LCt\ ^-i?3Wi/3y^WT 
N-t?7^±fB'I (DRAM1 4) 'siffiBSftTV>fc» 

* % g stuK*w t c t mm ft o T^5. 

[0 1 24] hi 9tt»a-t^^©»tii*-9--ex© 

#«g*gt)t7n-Tlr-h"e*5. XT77S301 
TN*^^©Sta*%Piji&-r5o XT77S 3 0 2T 
XT77S 2 0 2t^lttt, tm-ktr*<OUyir%ft 
5o 

[0 12 5] i^tc, XT7 7S 3 0 3T, |B1t*3fffa 
t-7VI/^^ LT, N-t? ^ ^ fctaftr- ^^IBS$ 

THHfXfy7S 3 0 4^, iaSStlTftV^SffX 
T7 7S 3 0 5^n^tl^WSo XT7 7S 3 0 4 
Tftt, ^nSTf^ftr-* t bTfBg$tlTt/^c77 
7faROM (ffcfiilB'i) ©r-^*«3ltS. X 
T7 7S 3 0 4tC^t§T-^5Sg©ffia(ct, 02 1 © 

7o-^-h*fflv^T»t<SiK*in«.5o XT77 

S 3 0 4©ttXT7 7S 3 0 5^Sf|»tf£5o 
[0 12 6] XT77S 3 0 5T?tt» 77T>aR0M 
1 5 R:*^T N -b ^ * t MJfc J6©fBttiI«£l# 
t5 0 XT77S 3 0 5}C&tf5!3'lH$©lf#¥li« 
H2 3*ffl^Tffb<fiW«iinA*. Xt 7 7S 3 0 5 
tfjEW fcE«RWO»l»fcjft!l(rrtUf, XT7 7S 3 0 

8 <^m*#to Xt 7 7 S 3 0 8 T««t# Ltc 7 7 7 
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[0 12 7] — Xry7S 3 0 5T777^RO 
fcif£«Xr<y7S 3 0 6^tt-rSo Xr>y7S 3 0 

6 ttT-zmmmzmmmm ±Ktt©«« 

«tg£<fcoTfT3„ cnac^MT-a 1 1 ocMmtffl 

[0 12 8] 02 0tt±£ttJ:Ea#bfcji3ttr-*U 
Xl>©«7-l?aS3o (a) {ijBBT-^UXhfcT-* 10 
tf^MlT&'X UXMCtt, ENDJJFJLIST tfftAS 
ftTlr>*. (b) ttiiJBr-Sf'JXhfc, -fe**#^ 
3, 2 0, 2 2 i©#^*©rt^iiisftTv>5tt 

[o 1 2 9] xr^ys 3 o 9T\ 

fdtmm) ^©tf-f^tfttASftS. Xr-y7S3 

ft£JH«*©llffl****i5£-e**. Xry7°S3 l 
lT?Ktt»*©IW£fT3. aBttaMltf^llEo^ 20 
Tfct, 02 l©7u-7^-b%ffl^Tf¥L<tKBMto 
fBS^©?Fffi©ISII, iBMtlWmL rcl£ 
tt, Xr>y7S 3 1 2'\MII*iW. Xry7S 3 1 2 

l^^ayfcO^Tfi, 02 4©7a-^-h£#IS 
LTBlXBSflfciP*.*. Xry7S 3 1 

[0130] 4*, mmmmT-7Mzm*bt>n% 
©a, flensmo^-rv* w£iB±©7Fi'X) t 

02 0© (b) ©iKttKf^Sfifcr-*© 30 
WDr-Z'sfDlMyZl ©#©7>f~;l/F WC 
tt-rCTfcwStiT^*) frftli, Hl0O£flliC%« 
777->a R 0M±©T-*^£HMW&S o IBH 
*Bf»Ir-^K*l»6ti8 ©tt C ©SS&a$#^©# 

©si^tB t7n r o utimm 

%~(D7)ldV XL-em £ 

[0131] ^£nfc***©KttfcW3*rs 

¥J@ CtxEOXryT'S 3 0 4) fc^**. 02 1 

E*;&«ait«#«s*g*j-r7D-^+-h-e* 4o 

So 

[o 1 3 2] xr 7 7s 4 o i vmffimntifflmz 
mmzo xf-y7S4 0 2m rn.zwfc.izt** 

!3t±fc*§*?»Xr'y7S 4 0 5^*rT5„ Xr>y 

7 S 4 0 5 T*#$-tr * 2 >J X h (*«T(4, H 2 0 

[0 13 3] >t73^fi^';XhA^©}|£M^» 
li^s * f y X f ©5» 5, tt*#i*DHc y X h 2 



m^yrj y*ft ix^mmxtz z burnt 

%o *LT, Xr>y7S 4 0 6T\ U XFfr5ffll$Lfc 

*1/-tV y^XrA^©!BMii«©M$&Cf f§© 
f r eeBBRRlfi3-r«mi?«S. 

[0134] -tj. xr>y7s 4 o 2-ess^nrcm 

tf&m±X*V Cr*t>-B75vS/aR0M±) fc5 
XT77S 4 0 3^^HK1*So Xr-y7S 4 0 3m 
Jg5£S ftfc7 9 T>aR0 M±©-fe * * ©f S7 7 

UEK-feyH-SCfc-fiftaSti*. Xr-y7S404 
mifBt±©*ffiffl-fe^#7y#©ffi£ 1 o«'>S 
■£3o Xr>y7S 4 0 7-e»-r5 o 

[0135] mz. msto*<otm$m (xry7s 3 
1 1) ko^-cihubi-s. 022a, mmmmm 

[0 l 3 6] Xry 7S 5 0 l ?!BtJ)^©fFfli£« 
* 5„ Xr>y7S 5 0 2m £E1Ifcl»&5tife*SS 

mtzftvyzmtmmzztivyznmik 

o^AicftLT!BtI^©M{t£l^- FtSSfcHS 
$LT^8 (Xr-y7S 5 0 2 S S 5 0 4) . Sfc, * 

m-b 9 ? * 7 y * otftffiWSf-fe * * * 7 y * ©ffl «fc 

(XT7/S 5 0 3) „ 

[0137] 777->aR0 M©fBHffi$©If# 

#M (Xr-y7S 3 0 5) fcO^TfSfit*. 02 3tt 
777-^RO M©fB1t^©lf#^Ji%S^t 7 n- 

[0 13 8] XT7 7S 6 0 lT'75-y~>aR0M©fB 
«S«o»Si&PBS&-r«o Xr>y7s 6 0 2"e*ffiffl-fe 

^^©^«fy%S!#-r§o cent ^ix-r^y 

S 6 0 2^5XT'y7S 6 0 9/Xr-y7S 6 1 1 ft? 

%afii5tfi*So ffia©^x^^^Bftra-n^stfi- 

8«ftWB«ie<'»©L< 

[0 13 9] Xr>y7S 6 0 31?779faR0MOi 
ao-fe^^fN^y^^irr*. Xr-y7S 6 0 3T« 
*©***<Dgg75? (ffilif77^ ^ffl^*77 

^) «#jSL-r, m-tz$<Dmvmmm%o « 

ffl»**»ffiffl*«:5Xry7 , S 6 0 SCSI'S. Xr 
-y 7 S 6 0 5 TJift*^ > h LT VS-fe ^ * *««ft©-t 
?#&5Xrv7S6 1 l'xMtS, C©^ ffiffl 
WHBMWW*75 'r>aR0M15 c klc 

ft*©Tf, XT77S6 1 ll?*ffiffl-b^^©^»fij 
^Mffibfe^ Xr-y7S 6 1 2T-M#«»tSc £ 
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§o Xf'^S6 0 6tli, sR-O***©***^ 
ft?*T*>5Xf7/S 6 0 4^\SS 0 
[0 14 0] Xf-y^S 6 o 4/iV:y#©^T-fe^#© 
W«7^^*€ffli:^oTV^n«7 > r77 P S 6 0 7^ 
^(St5o Xfy^S 6 0 7T?B, 777->aR0M(D 
£17??* "teffl*" ^HfS ($ffl#7^%T 
RUE£T5) o ^LT, Xr77S6 0 8T\ ±!Btl 

Kmmmm?$tivy$(Dm% 1 oa^^So 10 

C ©*£tt, 77 7->aRO M^GIliHK©Kf9lCj£ 

fK*f!l£BftftU Xf-7 7S 6 1 O-pjEHftaWfSo 
[0 14 1] f^-^3l/^j/ 3 y (XT7 7S 

3 12) ©¥litOt^-<MT3o 12 4tt^-^3 
l^i/a y©#JB*gfcT7n-?-+- h^**. 
[0 14 2] Xry7S 7 0 l-e^-^ni/^^a^ 

*B»wSo xr77s 7 0 2m sg*ffc©>ru- 

x7p7 7 (m Sa»ii7n7 7) £StBT3o B 

aaft^ny^flMna^mfco^Ttt, H2 5©7a- 20 

3 7?fi, SStt *7n 7 ? ©*$ffl -fe 7 * mmi fcT 
§0 coffifflSHko^Klcov^TH:, 02 6©7n-f- 

a»*7a7 7ft©*®ffl^*£$ffl${b2tf3iW 
^-J'nl/i'^ayifiT^Tfev fl&©*X*tf 

wmmtv vtmtzz *strt 7 *"\©it*»* 

fcfto T*J »> , U7 j/ 3 y 

ito^ x 7 j; o zwmmfu 7 7 rt©-fe 7 t^ittc 

[0 14 3] Xr-y7S 7 0 4m gS*f*7ny7 
*©^**7**ffi©3e«8ttt ffi©^b-X 
7a -y 7) 'sgWStfs. «ffl*-b77£fl!i©IB1Ifi$ 
^l^tMitO^Ttt, 02 7©7a-ri—h 

[0 14 4] IKXT77S 7 0 5m $ffl1^77 

WBimuytmmtzmmz-D^Ttt, mz s© 

t©8H^7ny7©ra£fc*$^T, iBSlIlft*?:/ 40 
7 1 5 2©rt§£±iE«C3e-l/C*K. Xr7 7S 
7 0 5f«:*lt*SElS«l7a»y^oJBS*»A5 4:, X 
T7 7S 7 0 6?±IH'lC3l®Lfcr-^>£77 7^a 
R 0M©3SH' X7a >y 7©ffiS@gtfj7y#'\ii 
To ^LT, XT77S 7 0 7^-i/"3l/^> 3 y 
#5«»T5. 

[0 14 5] 3?-^-^3l/^S/g>R:*tJ*l0I 
*»7n-y7©Hii^H (Xfv^S7 0 2) fco^T 
KWTSo H2 5«W^7D7^1ttiT5#li^ 
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[0 14 6] ST\ Xt 7 7S 8 0 1 -eSSftfi7ny 
^©am*HS6T«o Xt7 7S 8 0 2TffffiT°^y^ 
fcS$g©^-X7ny^%-try hT& 0 PltHc, Xr 
-y7S 8 0 37?, Mt*«ffi#^*SS8J©^ W 

[0 14 7] XT7 7S 8 0 47?, fWV^ 

# if ? frfc*ij»fT5. ^&*7* #*ntv*tttt 

{fXr-y7S 8 0 4, Xr-y7S 8 0 5%X*77l/C 
XT77S 8 0 7^\|iJffll^To 
[0 14 8] -73, XT77S 8 0 4 7?fHMUy7© 
*T^ I^-X7p 7 ttcmmt *tf£$irtVS« 
£fcH\ Xr>y7S 8 0 5^\»^To Xr-y7S 8 
0 5m M«ffi^y£©^T^-x7n-y 

7 ©rains* 7 y 7 m t mmm v- 
x7p vtmmm^yzvmmn** t 

ffijW y7©*T^ U-X7a «y *©iH£H8©£tf'J> 
&W-fttiX.T7 7S 8 0 6^\fflffli^To Xr7 7S 8 

0 6m sa^fiit^y^^iftft^y^^A 

T3o -73, Xr77S 8 0 5T^L§W^l'y7©* 
Tl' b-X7n 7 7©JB£lsl»©H 5 £ttftfcf *©$ 
$Xr77S 8 0 7^W^To 
[0 14 9] Xt 7 7S 8 0 7T»ff«#-f y*jWMI© 

ti^©-ri/-x7D7^T'*^nn xr77s so 

8 TIWi#^y***0-< U-X7D 7 j"N|MB««fc 
!f, XT77S 8 0 4^M5 o tt±OJ:5lc, Xr77 

s 804~s 8 0 8©5aa^nDiT<:i;T\ wmm 

ttii^f WX7n 7 ^%^T<fc o KftS. 
[0 1 5 0] XT7 7S 8 0 7"PlKM?<<y*3Wltt© 
^^-X7n7^^LT^Sl^±XT7 7S 8 09 
^KT5o Xf 7 7S 8 0 9-W4#'<-S>3l/*S'3 

y©g (H2 4©©g) mmz>o cm&commM 
mmmy*m<$4 u-x7n 7 t 

[0 15 1] I^MI»tt7n^flo* 
ffiffl-fe^^%fiM»*ftT««a! (XT77S 7 0 3) 

iz-D^rmwtz* mz e a, saM^7n7^©*« 

[0 15 2] Xr77S 9 0 1 7:«%F^T§o Xr 

77s 9 0 27?, wmm-fnvtnmnn^z^ 

«fc» XT77S 9 0 37?, 
flB-fe^#©tt**PJ*«IT*. Ctl«, H2 3©7a 
-r^-h©Xr77S 6 0 2 i:lHl«©am^*D, X 
T77S 9 0 8S7?©^ST?HttifcP^, 

©««iwj*»i&"r*. bp^, sa^7o7 7©3>-ir 
^^^Kx+tyu*ffflt^?t«t^^ 
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*y©ffi£R«3§ < s £{*©x;l/-77 him*? % z. 

[0 15 3] Xt77°S 9 0 4T\ SftOtf'f 

ffl-b^^*e>Xr77S9 0 5^Kf5o XT77S 
9 0 5"?*O|Btt£j0g|-rS. Xf'^S 9 o 5 ©ma 

2 1 ©7 n-f-+ - 1> TRffi L fcl 0 & 5o 
c©ffiStcj;D, 10 

Xr^S9 0 6T!i, #>f>*tffflia*7 
n 7 * ©«f£©-fe ? * UTV* *» H a 
§ 0 *!i<D-b^^^LT^ntfXT77S 9 0 8^v 
fn*ft^Wf7yS 9 0 7AM«o Xt77 
S 9 0 7 m^y*&#©^*^»S-rCXT7 

7s 9 0 4^fj ; i»r t , 

[0 15 4] Sfc, XT77S 9 o 6T#-f 
#ft^a 7 *Sft©-fe ^#&?>Xt7 7S908 "Ktcffi 
ffl"fe^*ottStt»J*H»U XT77S9 0 972M 
-S?3l/^S/g^ffll! (H24<07P-^--h) 'NtS 20 

[0 15 5] #|C, fia^7ny*©ffiffl*-fe**fc 

(XT77S 7 0 4) \ZO\i*X.WRt%o mii\ts fi 

-Tt-hT&5<> 

[0 15 6] XT77S 1 0 0 OTfllSfclJBa&TSo X 
T77S 10 0 1 T*fIft7n7^ollIo*^?'\ 
#-fy**8»S«*o WTOXf-y^S 1 0 0 2~S 

i o 1 2 m ^ytmL^tttzic-o^Tmm 30 

[0 1 5 7] XT77S 1 0 0 2T-S^-b^^Ota7 

9^ («ffl*77^ mftfryvin mm%„ x 

T77S 1 0 0 2T?ffll77?<Z>fItf Rlffl^j fcft^, 

wfc^f'^s 1 0 0 3^«Wl*»u r^ffl^j 

fc&^TWfcSXr'yT'S 1 0 1 2^\«%$To Xt 
77S 1 0 0 3T% HKl-fe^^^ny^fSo n-y^L 
Tc-tr^fcfcXryT'S 1 o 1 lT7>oy^sns$T 

[0 1 5 8] XT77S 1 0 0 4?OG1Mf««Wft 40 

So xr-y7s i o o 4fctstfmMffimmu<Dm 

c T\ 8S*Jft7n -y * rt ©&* * * ti±iaxr 7 7 S 
7 0 3©ffla?\ £Ti$ffljg2Mfc£ftTV^©T\ 
$n§IH'I«aSa^7n 7 *J£tfW b-X7n 

7*fe£So 

[0159] mmmmwKmtzt, msxt 

77S 1 0 0 8^\Jtt?o Xr77S 1 0 0 8«, Iff 
tWOlltfcT, XtvT'S 1 00 9TEWS/JT 50 
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WSr-ftol 4 0 saw*. 

[0 16 0] —2k XT77S 1 0 0 4 TlBltil^©! 
*C$ls*l,fe«£tt» XT7 7S 1 0 0 5^5. 
Xr7 7S 1 0 0 5 m r-*SIliffl©flatt8f«£± 

IBS (dram) &mm%o T-rmmmm 

©St#«Bl 9©7P-f-+-hOXry7 , S 3 0 6-e 
IWJbfclDT?**. Xt 7 7S 1 006m Itfb 
fefigW^SK-b^^OT-^^nif-tS. ^bT, X 
r 77S 1 0 0 7TflB«©ar-7;l/*iE»fr5. Xt 

7 7s i o 1 0T?7cofBit^«-r§o ips, tfi'y* 

OH b*T -b * * ©$ffl$» 7 7 ^* T R U E fcfc 7 h 
-r^c, ^bT, Xr77S l 0 l l?3tSii&8'fe2*£ 

7yp7 7-rs 0 

[0 16 1] Xr77S 1 0 1 2?\ t^y^OllbTiN 
^JBffS. g!£©^7*?$ft«:XT7 7s 10 14 

/ \ N aao-t T^itn^xr 77s 1 0 1 3^n 
^n^etSo xt7 7s 1 0 1 3m ftjvwJk 

©•b^^KS^T, Xt 77S 1 0 0 2-\MDs * 
0^^^tO^T±a©ffia^ , 3ji1-o S/c, XT7 
7S 1 0 1 4m lWi7a7^o^T©t^ 

©8 (H2 407n-f-+-b) 'nWTSo 

[0162] wmmvvtmmn cxr 

77S 7 0 5) KOV^TlBBtS. H2 8tt, SS^ft 

t%?tzj wx 7p 7 2 ©ris? immm 7 n - r 

[0 16 3] XT77S 110 1 T'ffiS^^-rSo X 
r 7 7 S 1 1 0 2 t?S8*f*7p 7 ^ ©riS0S^J 7 y 

^^±fe'i^ntf--r5o xr77s 1 io3T*aii 
■ftmyvyiKDimzmitZo xr77s 11041? 
a, ±!Elt'\3 tr- basins* 7 y ^ om 1 iito 

«*fcfi|i&77y^aR0M's»f?ii€ro IP^^ SIS 

9w»7n 7 ^ ©ns* 7 y ^ on^, mn<m 

<fcD 1 o ^©ft> Xt 7 7S 1 1 0 5T**X 

-^Wi/ayM (02 4©7P-Tt-h) 

fii-§o 

[0 16 4] ±IBH2 4-e^£ft3#^-v >, 3b7ya 

yfflaa, S77777yaR0M^^fc©a-e*D, 

ffiffl-fe^*^^>©«-e^bfc«fc 5 »SW 
KiiBtt (D RAM 1 4) §ffl^T«ffl*-lr7^©T- 

#ftfi«u 88Sfli©-r b-x7p 7 $mm$% tm 

SMa©a*A' 5 J;V\ fib, DRAMl 4fcr-**8 

mmmmmnxmw,mm¥±t^> t d r amk 
©asij*w»f b, i±t|&*s^*ffi©ii^a#ffiT- * © 

g^tt^lllb, A C 7^7^©^a«««^ff ± 
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[o 1 6 5] 03 6ii, mwrnwim^x-a^-^ 

7P-^+-M?*5 0 HBfcfcVvr* 02 4©7a- 
[0 1 6 6] Xr7 7°S 1 3 0 0tfcV^T^-^3l/ 

^ay^tfjgf&snsiu xr>y7s 1301^1 10 

7 T?fc3fr A C 7:W 2 3 TfcSfr*|!»rU CPU 

5ci»i-rao «Mas'JA«7T-feo/c^^, xf 

<y7S 1 3 0 4^1^ ±$©0 2 4 TasbfcjiM-S? 

[0 1 6 7] Xr-yT's 13 0 1 Efc^TttiSa 
aitfACT^^-PS-afcH^H:, Xf'^S130 2 
NitT. XT7^S 1 3 0 2Ttt, 02 4©Xr77S 
7 0 2, S 7 0 3, S 7 0 4Kffl^1-5JPI*^ffU 20 
StB LfeSBl«*^n >y ?rt©*ffiffl-b: * 2 OffifflSf* 

lkfcffiffl*-fe^^O^»*fT5. ^bT, Xry7S l 
3 0 3£fe^T, ±f2H (DRAM1 4) t-t??£©# 

ftftaSflStttfaMiffXryT'S l 3 0 2^\H5o Xt 

y^s 1 3 o 2m mmmwmtiyztiwKD 

[0 1 6 8] DRAM 1 4±fc-f^5:2tfE#tf*Kfc 
Xf'V^S 1 3 0 3fr6Xr77°S 1 3 0 4-\jf 

±3o5aa-eaffi$n/csam7n-y^<Dffi£% 30 

fi^o *LT, Xry7'S 7 0 6T?±E«fc*iaLfcf f 
-^77-r>aR0Ml 5KRbT3WHi**l7t 

[0 16 9] ELtflUSK, H3 6 0®lEJ:nfcf, * 
[0 1 7 0] fcfc, ±!B©fflam *»JE»^V 

TSi&wfc^-^nu^s/g ymmmmtt 40 

[0171] *^ex©-oT?**ii»fe* 
zmw.mmz-o^Twmt%o 029a, us*** 

[0 17 2] Xf77S 12 0 1 -pN-fe^^OlBS^P 
$&T5o XT77S 1 2 0 2TNt^^*n«y £-f3 0 
Cong*, Xf-y/S 1 2 0 5-e7>o«y^Sti5ST 
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^y?S 1 203'P3K'fc**©!M*MBlW*o 

!Bit©«fiato^m a 2 i©7n-f-*-b? 

fSBLfclDT?**. Xf-y/S 1 2 0 4m DRA 
M 1 40EWIHf»Ir-7*;l/ 14 0^ 'W m\\ 
At§o Xf7 7°S l 2 0 5 m Ha-fe7*£7yn 
Xr>y7S 1 2 0 6TiI»f5 0 

[0173] mtfMs-Dos oasao mo-my 

74 frisky- LX&. 7r-r;l'©JH*K:ISUm Si 

7 r-i'^tit a-b * f a t \t^xmmmt 

\t\ ioT, c©<fc5&77^yXT^E#^i0$l 
©7^7>'aR0MSa^XrA?:5iffl-r§i:, 77-Y 

>*«D»**fiT«**!:i:fcft*. ioT, 77^ 
yXrA©*l* CflH*tf7r>f;Mfi*) E*3v>T*B 
fcftofc***#KttBU «fc 5 tdftSt 

[0 1 7 4] 03 7(4, 77^^7-^077^ 

7n-f-*-bT?fc5<, HBfcfe^T, Xr77°S 1 4 

0 1 T*77-l';l/i/XrA t fcD77-r;l/M£©JI^So 

6 Xr'y7S l 4 0 2^1^, mZt^fflfiZtilt 

tt, FAT^MtS^tT-atH-ef «. ^tTv Xt 

7 7°S 1 4 0 3T\ 5t©Xr-y7S 1 4 0 2X*mtHZft 
Td&%.t*K~DVX, mm2 9<D7U-?-*~hXm 

B^L/c-t * * ©»Ma%iiR-r §o 

[0175] [£ffi£ftg 2 ] Wcmim 2 E^Tl 

[0 17 6] <fVxi-3yhn-7x5aL'-i'ay 
> ±$©HSSMI 1 X-mm U:779i'aR0M ©IH'I 
ea^Xri.^, ifiMA^MfclfWrVX^^i: 
S<flW5o ^^T, rVx^nyhn-7©x5a 
i^-^a yatMx.fcS/Xr LKmfr&tsz. tx\ t 

-7i5i U-i/ a > t*^Mmi©HB1tf S^XrA 

1 C*-F) 'NKM§Ct«t%5o »¥PC 
MC I AKftS^nS I C*-K*^SLT^5^ I 
c yj- F^r-r x^37hn-7X5al/-^3 yW& 

tmmmm 1 ©iS'itayxrA^iMt? c t e * 

mmmmmxtt, mmmimmm^T, 
tl* i c*- Y'\mfr : &/vrc$><DK~D^xmmt%o 
[ o 1 7 7 ] h 3 o immmm 2 s 1 c *- k© 

fll^S-r^ny^BT?**. HBfcfe^T, 2 0 OS 
I C*-K^ft*3Sfo 2 0 l ttv^^oayifa^ 
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H£8*ff3o 2 0 2(iROMf$^ v^nriytf 
a-* 2 0 1 07W5A*16*frr3. 2 0 3ttRAM 

v-f^a3ytfa-^2 0 i©i!H1t£LT« 

HfS. 2 0 4S777i/aR0M-e$> , 9, ±fB^$0£ 

t*. BP^ 77T>iROM2 0 4(i, 

[0 17 8] 2 0 5ttnv> F/r-# • 7 7f9?$ 
y , *X b SB & <9 %MLrcftWKfr 5> o 3 v y F 

->y y^Wf^arr^o 2 o 6I4F i f o^ty-e 

5feXtlfttilb*Stf7*-^OXtB**ff5o 2 0 
7{i*^;l/ROMT»*t)x SK*-HOWSW«E1tL 

[0 17 9] ±$©&#&©«lt!^ KBOlftilt- 

[o 1 8 o] 03 1 *mmm2<Di c*-k*pj 

BHfcfcl^T, 3 0 1 ^XrAfJ©V^o:3 
yt£a-#T*&3 0 3 0 2ttA-hV>^-7i-X-e 
2&9, #XF:yXrA©ftg|5/Ui: I C#-F2 0 0© 

0 2 fct, I C *- F 2 0 0 'sOWiflB&fcfr a rctbnn 
Wmfflfts I C*— F2 0 O^SOfiJD ( I 

[0 1 8 1] 03 2 14, 03 l©*X^X7\k^I C 

% a ZtV?S 4 1 0 0T*9EM*MltZ£, Xr77 
S 4 1 0 1 -V I C#- V\<DWffit&*mtZ. Xt 
7 7S4 102T«> I C*-K2OOfl0*7Vl/RO 

%>o *7Vl/R0M7©rtg*jS*r*5Ci:T, fflgtZtl 
TVS I C*-K©#tRtf#fr«. 
[0 18 2] XT77°S 4 1 0 3f&, ZtV?S 4 1 

0 2T««fLrc^7;HffS{cioT, ssRsntvsi 

C7J- Ftf»U'\iiBl»tl*^WIt«, * 
UT, &fMfg&5Xr7 7S 4 10 4^ S«FR>reg 

ftfixrv^s 4 1 o s^jwenaft-rs,, xfy 

7S 4 1 0 4 T*fi, I C ts~ Kflo/tt*** h©fijl 

j&T*X h SBO/UOSKE rV X 7 3 y Y n-5tf 

[0 18 3] 03 3 « I CA-K2 0 OflOY^an 

T&3o Xx7 7S 4 2 0 1 T I C7J- KOWWSX 
«tl«fc, Xr77°S 4 2 0 2TtB«»>XrA©U 
BMfcfcfrSo BPS* 777^aR0M2 0 4O^U- 

Lfc1f$g£^T£fB1SM©R AM 2 0 3 'xfB'lIif flrW 
fflr-^MEfftS-T*. Xr77°S 4 2 0 3t?±fBS± 
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©3 v y F^7 7 7 1 lx y y #R©rty 7 7 

[0 18 4] iJ0i&»;P-^yO^-^>X*H3 4© 
7n-^t-ht^-To iJD&&^-^y©fjff«? 

51s llT'13 4©7D-7^-MoO^Tl$i£fr 

[0 18 5] ^XbyXrA^vyF/r-^ • 77 
f-2 0 5^©3vyF©7Fl^X^3vyF%»tji£f 
' 77f"2 0 5fr5^^a3y 
tfa-*2 0 lNM&&*sW8£**. nvyF/r- 
# • 5yf-20 5tt, I CA-Krt*©/< 

X© I 07 Fl/*£H£^y e^SftTVT, nvy 

F/T-mznznm sizm-^K 1 07 fwx 

tf*IDS&ftT^*. 03 5(4, *HSgMi©nvyF 
/r*-* • 5yf-E*«-« I OfflDttW«t0T;& 
§ 0 *ft|Ttt, 03 5cf©Command©7FPXC3Vy 
F («^iSr-^©MtH L%}t^t5ReadSector(s)) 
^ttjAt?ut-e^7D3ytfa-^2 0 l'sfflDSi 

[0 1 8 6] mQ&kffm.tzt. ^jsjvuy^a. 

-#2 0 1 ©77 h7x7teu 03 4©7n-f-*-b 
©XrvT'S 4 3 0 1 Xr77 P S 4 3 0 

2l?fi, avyhVf-^ • 2 0 5Kt«3iSh 
fcT^ttKMfiLTx ±IBt±© y y^Wy 7 7"\r 
-^^ffl-T^o XT77S 4 3 o 3T*fiJD&#;i/-f- 
y^HTbT0 3 3 ©7D-ft- h^\»t§ 0 

[0 18 7] 03 3©7P-7^ J f-b©IJlCM5 o X 
T77S 4 2 o 4t?vY^n3ytfa-^2 0 Uinv 
y F/< 7 7 r ©«!% Wif -T § c 3 v > 7 7 7 *\r 
-^^ftttSnT^nif, Xr yT'S 4 2 0 5^K 

u f-?«stir^^yn{fxf77s 4213 

Xr 7 7S 4 2 1 3"W4CPU*fluh«« 
ict^o ^<©7yT77 p T-r^nayifi-^a, # 
^©HtT^±LT?l»«^«?»-riltg§l^TV^ 

*\ *HJS^«l©cpufe{:oa©«il««A5 0 *L 

T, IRQK«k5#J0ii*S*t^X*«n5i:, C 

p u 2 0 1 «f*jh«m^sa»tT±a©*joii*;v- 

JSTXT77S 4 2 1 3^Sa»LTXr*y7*S 4 2 0 
4^\M3o 

[0 18 8] Xr77 , S 4 2 0 4T'3VyF^777'\ 
T-#ftMl2nX^Z>t, Xx7 7 , S 4 2 0 5^ff 

•r^o xr77 , s4 20 6Tii, yy^77rfre>r 

-Zimh-Wfo Xrv^S 4 2 0 6^YyF« 
TSo Seeknvy F©l-a-aXr7 7S 4 2 0 7, Read 
Sector(s)3Vy F©*#«XT7 7 , S 4 2 0 8^, Wri 
teSector(s)©^#(iXT7 7'S 4 2 0 9^, IdentifyD 
rv3VyF©^«Xf-7 7S 4 2 1 O'sWPft^ft 
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•?fti^<Dtt#*, 7P-<f*-h*1M&fl:l/cv*o fctwr*!:^ y^7ftia*XX#W^£o 
Xry7S4 20 7~4 2 1 0$tfO3V>HO^ff* [0 19 4] Xrv 7S 4 2 0 9«T-£7y^-eJ!£ 

»7 bfcBXr 7 7°S 4 2 0 4 $T*SD, ±fE©$« £ftfd§0r©-bXX'\x-X£#§ atrtBSfcf? 5 0 r 



XXrWXfcjio-Cvy F*m^T\ *oav>K tf20*54^-K7 , -fX^*i5aWS/3ybTV» 
-F©1J-#-ht5'N'y Fft*iH**'Ny FI3S&H& 10 ^ModelNumberftHA- FrVXXt bT©X^>yX^ 



[0 19 0] Xr-y7S 4 2 0 8 «ReadSector(s)3V [0 19 6] <7 7 7;l^Xr L<Dfflffi>&JMmhk 

yFKmzmZftOo ReadSectorCs^vy F&, 1 tfdB'lf S^XrA% I CA- 

R*W1-^*"fe^*-0«fcfl<H3 5©SectorCountT* FfcCftiMJCkl?, A T A a- Ft^XX^©*# $ 

Ht5£Sft3o £oT, Xr-y7S 4 2 0 8m jftES ajK&fcttffl***. LfrU ATAa^KfOFA 



5. *i»10!3tfI^^fAT1t U-7%«a OBBakl/^ofcSKi^ff^aiOfilffi'&lffi^rA*^ 

•b^^#^^oTta%ffoTl/^©7\ yyyXV fc5 5#£tf»\> ATA3V>F0£tS|5#fc*!l/flb 
'vy F/^XXS^fc^cy^ftiig-feXXSTOI- 20 T^XX©lJK3"?y F >y ya?-3-fcXX#*§*§ 

*U tta-feXX©l*l§£F I FO^U 2 0 6'\|E2£ £nv>F%i6ta^S1*5Zii:-p, F AT+tyfat 

U nv>F/r-^"7'y^2 0 5©SectorNumber© TO***)S»0a&itf*JlT?tSo *bT, 

■O^'J^FfcfrS. F I FO^y 206fi, IC HfiVSSCfcSaBebT^ft^attOMS-DOS* 

3b- F 2 0 O0rt^*fr5«t&A,£r-**$1#* CJ/7fiffc, F A >y y^*7X©^»'lf 

tif-^i cti~vm^zfrmmtMf&t%? [0197] ? kTwrk&m*ir***oKm 

fc¥ I F0**UT»fc*. l-S^CFATO^W-rXfcV^/clflS^ttL 
[0 19 1] Lif, ±3*©y-7ftlWHri'#»9K 43dBgtt?& tO*^#*IKJJ: fcT'F A 

ov^TWBT*. -|S£A-Fr>rX?£*fbT*i£1- TOiWrW-fXfcWIU F AT^+yS'aOiBIfc 
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typedef struct DeviceTag { 

struct DeviceTag * Next : 
char DevName [32] : 
int (* InitDev) (void! : 
int ( * ShutDown) (void) : 

int ( * ReadSector) (long lsect, long nsect, char * buffer) : 
int (* WriteSector) (long lsect, long nsect. char * buffer) : 
int ( * ReleaseSector) (long lsect. long nsect) : 
I Device: 
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1 : void WriteByteEEP (struct DEV * Dev.char * Address.char Data) 

2 : { 

3 ; while ( * Dev - > Address ! = Dev - > Data) : 

4 : * Address ~ Data : 

5 : Dev - > Address = Address : 

6 : Dev - > Data = Data : 

7 : RotateRdyQueueO : 
8:} 

9 : char ReadByteEEP (struct DEV * Dev.char * Address) 
10: { 

11 : if (Dev - > Address - = Address) return Dev - > Data : 

12 : while ( * Dev - > Address ! = Dev - > Data) : 

13 : return * Address : 
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-»2— 3— 5— -END 
-»8-*9— 10-*-END 
-H1-H2-H3— END 
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: void ZoomUp (void) 
: { 

: WaitSemapho (SemDCDC) : 

: MotorlStepUp (void) : 

i : SignalSemapho (SemDCDC) : 
<:} 

■ : char XWriteSectorEEP (struct * Dev.int Sector .char * Buffer) 

I: { 

I : WaitSemapho (SemDCDC) : 

0 : WriteSectorEEP (Dev. Sector. Buffer) 

.1 : While ( * Dev - > Address ! = Dev - > Data) : 

12 : SignalSemapho (SemDCDC) : 
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